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(54) Photosensitive resin composition 

(57) The photosensitive resin composition compris- 
ing: 

(A; a resin containing (A1) a repeating unit having 
at least two groups 'epresented by the specific gen- 
era! fomiula: and 



(B) a compound capable of generating an acid by 
the action with one of an actinic ray and a radiation. 
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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to a photosensitive resin composition that is suitably used for the micro-lithoa- 
raphy process such as the manufacture of ULSIs and high-capacity microchips and other photo-fabrication orocesses 
More particularly, the invention relates to a photosensitive resin composition capable of forming superfine patterns 
using vacuum ultraviolet light of 160 nm or less. 

'0 BACKGROUND OF THE INVENTION 

[0002] In integrated circuits, the degree of integration increases more and more, in the manufacture of semiconductor 
substrates of ULSIs. etc.. it has become necessary to undergo processing of hyperfine patterns having a line width of 
quarter microns or less. As means for making pattems fine, it is known to shorten the wavelength of an exposure light 
'5 source to be used for the fonnation of resist patterns. i- a 

[0003] For example, in the manufacture of semiconductor elements having a degree of integration of up to 64 IVIbits 
i-rays (365 nm) of a high-pressure mercury vapor lamp have been used as a light source up to date As a positive- 
working resist corresponding to this light source, many compositions containing a novolak resin and a naphthoquinone 
diazide compound as a photosensitive material have been developed, and sufficient results have been procuced in 
fabrication of.line widths of about 0.3 (xm or more. Further, in the manufacture of semiconductor elements having a 
degree of integration of 256 Mbits or more, KrF excimer laser beams (248 nm) have been employed as the exposure 
light source in place of the i-rays. 

[0004] In addition, for the purpose of manufacturing semiconductor elements having a degree of integration of 1 
Gbits or more, in recent years, the use of ArF excimer laser beams (1 93 nm) and the use of 9^ excimer laser beams 
(157 nm) for the formation of pattems of 0.1 ^m or less, both of which are a light source of shorter waveienqths are 
being investigated. 

[0005] Adaptive to shortening of the wavelengths of these light sources, the constitutional componen:s cf the resist 
materials and their chemical structures largely change. 

[0006] As resist compositions for exposure by KrF excimer laser beams, there have been developed so-called chem- 
ically amplified resists that are a composition comprising a combination of, as a major component, a resin having poly 
(hydroxystyrene) having low absorption in a region of 248 nm as a basic skeleton and being protected by an acid- 
decomposable group and a compound capable of generating an acid upon irradiation with far ultraviolet rays (photo 
acid generator).. 

[0007] Further, as resist compositions for exposure by ArF excime'r laser beams (1 93 nm), there have been developed 
chemically amplified resists using an acid-decomposable resin in which an alicyclic structure not having absorption at 
193 nm is introduced into a main chain or side chains of the polymer. 

[0008] It has become clear that as to Fg excimer layer beams (157 nm), the foregoing alicyclic type resins have large 
absorption in. a region of 1 57 nm and are insufficient for obtaining the desired pattems of 0. 1 jim or less - On the other 
hand, Proc. SPIE.. Vol. 3678, p. 13 (1999) reports that resins having a fluorine atom (perfluoro structure) introduced 
thereinto have sufficient transparency at 157 nm. Structures of effective fluorocarbon resins are proposed in for ex- 
ample, Proc. SPIE... Vol 3999, p.330 (2000), ibid., p.357 (2000) and ibid., p.365 (2000), and WO 00/17712 and resist 
compositions containing a fluorine-containing resin are being investigated. 

[0009] However, these resins were not satisfactory in transparency at 1 57 nm and various other properties such as 
sensitivity and resolving power. Further, these resins involved a problem such that the coating properties are poor. 

SUMMARY OF THE INVENTION 
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[0010] Accordingly, an object of the invention is to provide a photosensitive resin composition suitable for use of an 
exposure light source of 160 nm or less, especially Fj excimer laser beams (157 nm) . Specifically, an object of the 
invention is to provide a positive-working resin composition showing sufficient transparency during the use of a light 
source of 157 nm, having high sensitivity and high resolution, and having superior coating properties. 
[0011] The present inventors paid to these various properties and made extensive and intensive investigations As 
a result, it has been found that the object of the invention can be successfully achieved by the use of a composition 
as specified below, leading to accomplishment of the invention. 
55 [0012] Specifically, the invention is configured as follows. 

(1) The photosensitive resin composition comprising: 
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(A) a resin containing (A1) a repeating unit having at least two groups represented by the following general 
fonnula (Z), wherein the resin is alkali-soluble, or the resin is decomposed by the action of an acid to increase 

its solubility in an alkaline aqueous solution; and 

(B) a compound capable of generating an acid by the action with one of an actinic ray and a radiation: 




wherein R^o to R^s each independently represents a hydrogen atom, a fluorine atom, or an optionally substituted 
alkyl group, provided that at least one of R^o to R^s represents a fluorine atom or an alkyi group in which at least 
one hydrogen atom is substituted with a fluorine atom: and R represents a hydrogen atom or an organic group. 
(2) The photosensitive resin composition according to (1 ) as above, wherein the repeating unit (A1) is represented 
by the following general formula (1), (2) or (3): 




wherein represents an alicyclic hydrocarbon group; represents a single bond or a connecting group; X., 
represents a connecting group having a valence of (m + 1 ); R^ represents a hydrogen atom, an optionally substi- 
tuted organic group, or a halogen atom; 1 represents an integer of from 0 to 3; m represents an integer of 2 or 
more; and Z represents the group represented by the general formula (Z): 
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Wherein. R,^ and Ry^ each independently represents a hydrogen atom, a halogen atom, a cyano group, or an 
optionally substituted alkyi group; represents a single bond or a connecting group; represents a connecting 
group having a valence of (n + 1); n represents an integer of 2 or more; and Z represents the group represented 
by the general formula (Z): 
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Wherein. L^^ Rb and 1 have the same meaning as shown In the general formula (1) , p represents an integer 
of 2 or more: and Z represents the group represented by the general formula (Z) . 

(3) The photosensitive resin composition according to (1 ) as above, wherein the repeating unit (A1 ) is represented 
by the following general formula (2a): 
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(2a) 



wherein R5 represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyi group; 
RSO to each independently represents a hydrogen atonn, a fluorine atom, or an optionally substituted alkyI 
group, provided that at least one of rSO xq r55 represenis a fluorine atom or an alkyI group in which at least one 
hydrogen atom is substituted with a fluorine atom; R independently represents a hydrogen atom or an organic 
group, provided that all of R do not represen: a hydrogen atom simultaneously; and k represents an integer of from 
2 to 5. 

(4) The photosensitive resin composition according to (3) as above, wherein in the general fomfiula (2a). at least 
one of the groups represented by R is an acid-decompcsable group. 

(5) The photosensitive resin composition according to (1 ■ as above, wherein the repeating unit (A1 ) is represented 
by the following general formula (2a'): 




(2a') 
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'IsoTI;.^^ represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyi qrouo 
R5° to R55 each independently represents a hydrogen atom, a fluorine atom, or an optionally substituted alkvi 
group, provided that at least one of Rso ,o RSS represents a fluorine atom or an alkyI group in which at least one 
hydrogen atom is substituted with a fluorine atom; and k represents an integer of from 2 to 5 
5 (5) The photosensitive resin composition according to (1 ) as above, comprising: 

(X) a non-polymer type dissolution inhibitor: 

wherein the compound (B) is (B1 ) a compound capable of generating an aliphatic or aromatic sulfonic acid by the 
'0 ac ion with one of an actinic ray and a radiation, In which the aliphatic or aromatic sulfonic acid is substituted with 

at least one fluonne atom, omuieu wiin 

(7) The photosensitive resin composition according to (1) as above, wherein the resin (A) is a resin that is decom- 
posed by the acnon of an acid to increase its solubility in an alkaline developing liquid, and the resin contains the 
repeating unit (A1 ) and a repeating unit having a group that is decomposed by the action of an acid to become 
slkali-soluble: and 

Wherein the compound (B) is (B1) a compound capable of generating an aliphatic or aromatic sulfonic acid by the 
ac ion with one of an actinic ray and a radiation, in which the aliphatic or aromatic sulfonic acid is substituted with 

at least one fluonne atom. 

(8) The photosensitive resin composition according to (4) as above, wherein the compound (B) is {B1 ) a compound 
capable of generating an aliphatic or aromatic sulfonic acid by the action with one of an actinic ray and a radiation 
m which the aliphatic or aromatic sulfonic acid is substituted with at least one fluorine atom 

(9) The photosensitive resin composition according to (i ) as above, further comprising (C) a solvent 

(1 0) The pho:osensltive resin composition according to (6) as above, wherein the resin (A) Is a resin contalninq a 
repeating unit represented by the following general formula (2a) and at least one of repeating units represented 

25 by the following general fomnulae (I) and (Vi): 
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0) 



osf ^'"cs.' represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyI group 
to R55 each independently represents a hydrogen atom, a fluorine atom, or an optionally substituted alkyi 
group, provided that at least one of Rso to Rss represents a fluorine atom or an alkyI group in which at least one 
hydrogen atom is substituted with a fluorine atom; R independently represents a hydrogen atom or an organic 
group, provided that all of R do not represent a hydrogen atom simultaneously; and k represents an integer of from 
2 to 5, 

R, represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyI group R. and 
R37 each independently represents a hydrogen atom, a halogen atom, a cyano group, a hydroxyl group an op- 
tionally substituted alkyI group, an optionally substituted cycloalkyi group, an optionally substituted alkoxy group 
an optionally substituted acyl group, an optionally substituted acyloxy group, an optionally substituted alkenyi 
group, an optionally substituted aryl group, or an optionally substituted aralkyi group; and R. represents a qrouo 
of the following general fomnula (IV) or (V): 
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-C— Ri2 

Rl3 

(IV) 



— C-0-R,6 
(V) 



v/herein R^-,. R12, and R^j each independently represents an optionally substituted alky! group, an optionally sub- 
stituted cycloalkyi group, an optionally substituted alkenyl group, an optionally substituted aralkyi group, or an 
optionally substituted aryl group. 

In the formula (V) , and R15 each Independently represents a hydrogen atom or an optionally substituted alkyi 
group; R^g represents an optionally substituted alky! group, an optionally substituted cycloalkyi group, an optionally 
substituted aralkyi group, or an optionally substituted aryl group; and two of R^4 to R.,g may be combined together 
to form a ring. 

wherein, R^y and R^yg each independently represents a hydrogen a:om, a halogen atom, or an optionally substi- 
tuted alkyI group; R^g represents -C(Ri8d) (^i8e) (^isO or -C(Ri£.) iH^^^) (OR^sg) ■ f^isd^o Rigf each independ- 
ently represents an optionally substituted alkyI group, an optiorally substitutec cycloalkyi grojp, an optionally 
substituted alkenyl group, an optionally substituted aralkyi group, ^ran optionally substituted aryl group; R-igd ^^d 
R^Qg. each represents a hydrogen atom, an optionally substituted alkyI group, an optionally substituted cycloalkyi 
group, an optionally substituted alkenyl group, an optionally substituted aralkyi group, or an optionally substituted 
aryl group; R^gg represents an optionally substituted alkyI group, an optionally substituted cycloalkyi group, an 
optionally substituted aralkyi group, or an optionally substituted any'! group; and two of R^sd* ^^ae and Riet' or two 
of Risd'^ ^^&e'' and Risg. rriay be combined together to form a hn^ 

(1 1 ) The photosensitive resin composition according to (1 0) as above, wherein In the general formula (2a), at least 
of the groups represented by R is represented by -C(CH3)3. -C(=0)-0-C(CH3)3. -CH2-C(=0)-0-C(CH3)3. 
-CHg-ORie. or -CH(CH3)-OR^6 wherein R^g represents an optiorally substituteri alkyl group, an optionally sub- 
stituted cycloalkyi group, an optionally substituted aralkyi group, or an optionally substituted aryl group. 

(12) The photosensitive resin composition according to (6) as above, wherein the resin (A) is a resin containing 
at least one repeating unit represented by the following general formula (2a'), at least one repeating unit repre- 
sented by the following general formula (I) and at least one repeating unit represented by the following general 
formula (VI): 




v/herein R5 represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyl group; 
R50 to R55 each independently represents a hydrogen atom, a fluorine atom, or an optionally substituted alkyl 
group, provided that at least one of R^o to R55 represents a fluor ne atom or an alkyl group in which at least one 
hydrogen atom is substituted with a fluorine atom; and k represents an integer of from 2 to 5, wherein R , represents 
a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyl group; R2 and R37 each inde- 
pendently represents a hydrogen atom, a halogen atom, a cyano group, a hydroxyl group, an optionally substituted 
alkyl group, an optionally substituted cycloalkyi group, an optionally substituted alkoxy group, an optionally sub- 
stituted acyl group, an optionally substituted acytoxy group, an optionally substituted alkenyl group, an optionally 
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(IV) (V) 



wherein B^^. 8,2. and R,3 each independently represents an optionally substituted alkyl group, an optionally sub- 
stituted cyclcalkyi group, an optionally substituted alkenyl group, an optionally substituted aralkyi group or an 
optionally substituted aryl group, 

wherein R^^ and R^g each independently represents a hydrogen atom or an optionally substituted alkyl group- R,e 
represents an optionally substituted alkyl group, an op:ionally substituted cycloalkyi group, an optionally substituted 
aralkyi group, or an optionally substituted aryl group: and two of R^^ to R^s may be combined together to form a 
nng. wherein R^^ and R^^^ each independently represents a hydrogen atom, a halogen atom, a cyano group or 
an optionally substituted alkyl group: R,3 represents -C(R,8^) (R^g,) (R^g,) or -C(R,8,.) (R.g,:) (OR^g,) ; R^gd to 
Ria, each independently represents an optionally sjbstituted alkyl group, an optionally substituted cycloalkyi group 
an optionally substituted alkenyl group, an optionally substituted aralkyi group, or an optionally substituted aryl 
group; R^a^. and R^ge' each represents a hydrogen aiom, an optionally substituted alkyl group, an optionally sub- 
stituted cyclcalkyi group, an optional.y substituted alkenyl.group. an optionally substituted aralkyi group or an 
optionally substituted ary: group; R,gg represents an optionally substituted alkyl group, an optionally substituted 
cycloalkyi group, an optionally substituted aralkyi group, or an optionally substituted aryl group; and two of R^g^ 
Rige and R.,g,. or two of R^g^,., R,g^ and R^gg. may be combined together to fonn a ring. 

(1 3) The photosensitive resin composition according to (6) as above, wherein the resin (A) further has at least one 
repeating unit represented by the following general formula (III) and (VII): 



3S Rs 

^CHj— r 
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wherein Rq represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyl group; 
Rq and R^o each independently represents a hydrogen atom, a halogen atom, a cyano group, an optionally sub- 
stituted alkyl group, an optionally substituted cycloalkyi group, an optionally substituted alkoxy group, an optionally 
substituted acyl group, an optionally substituted acyloxy group, an optionally substituted alkenyl group, an option- 
ally substituted aryl group, or an optionally substituted aralkyi group; and d represents 0 or 1 . 
wherein R^g and R20 each independently represents a hydrogen atom, a halogen atom, a cyano group or an 
optionally substituted alkyl group; Rgi represents a hydrogen atom, a halogen atom, a cyano group, an optionally 
substituted alkyl group, or a -D-CN group; and D represents a single bond or a divalent connecting group. 
(1 4) The photosensitive resin composition according to (6) as above, wherein the resin (A) further has at least one 
of repeating units represented by the following general formulae (VHI) to (XVII); 
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(viir) 



to 





50 

wherein R25, R26' ^^27 ®ach independently represents a hydrogen atom, a fluorine atom, an optionally substi- 
tuted alkyi group, an optionally substituted cycloalkyi group, or an optionally substituted aryl group; ^29' 
RgQeach independently represents an optionally substituted alkyI group, an optionally substituted cycloalkyi group, 
55 or an optionally substituted aryl group; R25 and Rge: R27 ^zQ' ^^29 ^30 "^^Y be respectively taken 

together to form a ring; H^^ , R35, R40, and R44 each independently represents a hydrogen atonn, an optionally 
substituted alkyI group, an optionally substituted cycloalkyi group, an optionally substituted acyl group, or an op- 
tionally substituted alkoxycarbonyl group; H22, *^33. ^34= ^42- ^43 ^^^^ independently represents a hy- 
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drogen atom, a halogen atom, an optionally substituted alky! group, or an optionally substituted alkoxy group; R. 
represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyi group; repre- 
sents an optionally substituted alkyI grojp. an optional y substituted cycloalkyi group, an optionally substituted 
aralkyi group, or an optionally substituted aryl group: and B2 each represents a single bond or a divalent con- 
necting group: 83 represents a divalent connecting group: and n' represents 0 or 1 . 

(15) The photosensitive resin composition according to (1) as above, wherein a metal content in the resin is 100 
ppb or less with respect to each metal. 

(16) The photosensitive resin composition according to (5) as above, wherein the component (B1) Is a compound 
capable of generating an aliphatic or aromatic sulfonic acid having from 3 to 12 carbon atoms upon Irradiation with 
one of an actinic ray and a radiation, In which the aliphat c or aromatic sulfonic acid is substituted with at least one 
fluorine atom. 

(1 7) The photosensitive resin composition according to (6) as above, further comprising (B2) a compound capable 
of generating a fluorine atom-free aliphatic or aromatic sulfonic acid, or an aliphatic or aromatic carboxyllc add 
upon in^adiation with one of an actinic ray and a radiatio-i. 

(18) The photosensitive resin composition according to (6) as above, further comprising (Y) an amphoteric ion 
compound. 

(19) The photosensitive resin composition according to ti) as above, wnerein the resin has an acid value of from 
0.2 10-^ to 4.-^1 v lO-^mol/g. 

(20) The photosensitive resin composition according to (1) as above, wherein the resin has a weight average 
20 molecular weight of from 3,000 to 50,000. 

(21 ) The photosensitive resin composition according to (1) as above, wherein the resin has a degree of distribution 
of 1 .7 or less. 

(22) The photosensitive resin composition according to (1) as above, wherein the resin contains residual non- 
roacted monomers in amount of 5 % by weight or less. 

(23) The photosensitive resin composition according to (1 ) as above^ wherein the resin has a resin of a molecular 
weight of 1 ,000 or less in an amount of 10 % or less. 

(24) The photosensitive resin composition according to :6) as above, further comprising (D) a surfactant. 
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DETAILED DESCRPTIQN OF THE INVENTIOfvJ 

[0013] The compounds that are used for the composition a-cording to the invention will be described below in detail. 
[1] Resin (A) of the invention: 



[0014] The resin (A) of the invention contains the repeating unit (A1) having at least two groups represented by the 
general fonnula (Z). Incidentally, (A1) may have a group that is decomposed by the action of an acid to become an 
alkali-soluble group. 

[0015] In the general formula (2), as the organic group represented by R are preferable an optionally substituted 
alkyI group, an optionally substituted cycloalkyi group, an optionally substituted acyl group, an optionally substituted 
alkoxycarbonyl group, an optionally substituted alkoxycarbony methyl group, an optionally substituted alkoxymethyl 
group, and an optionally substituted 1-alkoxyethyl group. 

[0016] Examples of the substituent include ones having active hydrogen (such as an amino group, an amide group, 
a ureide group, a urethane group, a hydroxy! group, and a carboxyl group), a halogen atom (such as a fluorine atom! 
a chlorine atom, a bromine atom, and an iodine atom), an akoxy group (such as a methoxy group, an ethoxy group! 
a propoxy group, and a butoxy group), a thioether group, an acyl group (such as an acetyl group, a propanoyi group! 
and a benzoyl group), an acyloxy group (such as acetoxy group, a propanoyloxy group, and a benzoyloxy group), an 
alkoxycarbonyl group (such as a methoxycarbonyl group, ar elhoxycarbonyl group, and a butoxycarbonyl group)! an 
alkyI group (such as a methyl group, an ethyl group, a propyl group, and a butyl group), a cycloalkyi group (such as a 
cyclohexyl group), an aryl group (such as a phenyl group), a cyano group, and a nitro group. 

[0017] As the repeating unit (A1) having the groups represented by the general formula (Z) are preferable repeating 
units represented by the foregoing general formulae (1), (2) and (3). 

[0018] In the fomiulae (1) and (3). represents an alicyclic hydrocarbon group. In the fonnulac (1) and (2) and 
L2 each represents a single bond or a connecting group; and Xg each represents a connecting group; and in the 
formulae (1) to (3), Z represents the group represented by the general formula (Z) . 

[0019] The number of the group represented by the general formula (Z), which is included in the repeating unit (A1), 
is preferably 2 or 3. 

[0020] The alicyclic hydrocarbon group represented by Qi is a group in which at least one atom constituting the 
alicyclic ring is contained and present in the main chain of the resin, and another atom constituting the alicyclic ring is 
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bound to Li- 

[0021] The alicyclic hydrocarbon group represented by may be monocyclic or polycyclic. The monocyclic hydro- 
carbon group preferably has from 3 to 8 carbon atoms, and examples thereof include a cyciopropyl group, a cyclopentyl 
group, a cyclohexyl group, a cycloheptyl group, and a cyclooctyl group. The polycyclic hydrocarbon group preferably 
5 has 6 to 20 carbon atoms, and examples thereof Include an adamantyl group, a norbornyl group, an isobornyl group, 
a camphanyl group, a dicyclopentyl group, an a-pinel group, a tricyclodecanyl group, a tetracyclodecanyl group, and 
an androstanyl group. Incidentally, the cycloalkyi group includes ones in which a part of the carbon atoms constituting 
the ring is substituted with a hetero atom such as an oxygen atom, a sulfur atom, and a nitrogen atom. 
[0022] The connecting group represented by and represents a divalent alkylene group, cycloalkylane group, 
10 alkenylene group, or arylene group, each of which may be substituted, or -O-C-O-Rgaa-, -CO-6-R22b% or -CO-NCRggJ 
'^22d'- Here, ^22a' ^22b, ^22d which may be the same or different, each represents a single bond or a divalent 
alkylene group, cycloalkylene group, alkenylene group, or arylene group, each of which may have an ethe^ group, an 
ester group, an amide group, a urethane group, or a urelde group; and R22C represents a hydrogen atom, an optionally 
substituted alkyi group, an optionally substituted cycloalkyi group, an optionally substituted aralkyi group, or an option- 
's ally substituted aryl group. 

[0023] As the alkylene group can be enumerated linear or branched alkylene groups, and examples include ones 
having from 1 to 8 carbon atoms such as a methylene group, an ethylene group, a propylene group, a butylene group, 
a hexylene group, and an octylene group. 

[0024] As the cycloalkylene group are enumerated monocyclic resides such as a cyclopentylene group and a cy- 
20 clohexyfene group and polycyclic residues (those having from 5 to 12 carbon atoms) such as a norbornare skeleton 
and an adamantane skeleton. 

[0025] As the alkenylene group are preferably enumerated ones having from 2 to 6 carbon atoms such as an ethe- 

nylene group, a propenylene group, and a butenylene group, each of which may be substituted. 

[0026] As the arylene group are preferably enumerated ones having from 6 to 1 5 carbon atoms such as a phenylene 

25 group, a tolylene group and a naphthylene group, each of which may be subsiituted. 

[0027] Examples of the substituent include ones having active hydrogen (such as an amino group, an amide group, 
a ureide group, a urethane group, a hydroxyl group, and a carboxyl group), a halogen atom (such as a fluorine atom, 
a chlorine atom, a bromine atom, and an iodine atom), an alkoxy group (such as a methoxy group, an ethoxy group, 
a propoxy group, and a butoxy group), a thioether group, an acyl group (such as an acetyl group, a propanoyl group, 

30 and a benzoyl group), an acyloxy group (such as acetoxy group, a propanoyloxy group, and a benzoyloxy group), an 
alkoxycarbonyl group (such as a methoxycarbonyl group, an ethoxycarbonyl group, and a outoxycarbonyl group), an 
alkyI group (such as a methyl group, an ethyl group, a propyl group, and a butyl group), a cycloalkyi group (such as a 
cyclohexyl group), an aryl group (such as a phenyl group), a cyano group, and a nitro group. 

[0028] As the connecting group represented by and Xg can be enumerated those for and L2, with tne alicyclic 

35 or aromatic connecting groups being preferred. 

[0029] In the general formula (1), as the organic group represented by Rb are enumerated a linear, branched or 
cyclic alkyI group, an aryl group, and an aralkyi group, each of which has up to 10 carbon atoms; and an ester group, 
an amide group, an alkoxy group, and a cyano group, each of which has up to 1 1 carbon atoms in total. Examples of 
the substituent include a halogen atom, a hydroxyl group, an alkoxy group, and a cyano group. The substituent may 

-^0 be bound to any carbon atom in the organic group. Preferred examples of Rb include a hydrcgen atom, a fluorine atom, 
a chlorine atom, CF3, OCH3, CN, CH3 and C2H5. 

[0030] The alkyI group represented by R^-, and Ry^ may be substituted with a halogen atom such as a fluorine atom, 
or a cyano group, and is preferably an alkyI group having from 1 to 3 carbon atoms, Including a methyl gr-oup and a 
trifluoromethyl group. 

•^5 [0031] Preferably. is nortoornene; is an alkylene group; and L2 is an arylene group an ester group (-C0-0-), 
an alkylene group, a cycloalkylene group, or a combination thereof. Preferably R^^ is a hydrogen atom; and Ry^ is a 
hydrogen atom, a methyl group, a trifluoromethyl group. 

[0032] Specific examples of the repeating unit (A1 ) are repeating units represented by the general formulae (II) and 
(A-1-1) to (A-1-13) as described later. 
50 [0033] In the invention, the repeating unit (A1 ) is preferably represented by the foregoing general formula (2a) or (2a'). 
[0034] In the general formula (2a), as the organic group represented by R are preferable an alkyI group, a cycloalkyi 
group, an acyl group, an alkoxycarbonyl group, an alkoxycarbonylmethyl group, an alkoxymethyl group, and a 1-alkox- 
yethyl group, each of which may be substituted. 

[0035] Examples of the substituent include ones having active hydrogen (such as an amino group, an amide group, 
55 a ureide group, a urethane group, a hydroxyl group, and a carboxyl group), a halogen atom (such as a fluorine atom, 
a chlorine atom, a bromine atom, and an iodine atom), an alkoxy group (such as a methoxy group, an ethoxy group, 
a propoxy group, and a butoxy group), a thioether group, an acyl group (such as an acetyl group, a propanoyl group, 
and a benzoyl group), an acyloxy group (such as acetoxy group, a propanoyloxy group, and a benzoyloxy group), an 
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a koxycarbonyl group (such as a methoxycarbonyl group, an ethoxycarbonyl group, and a butoxycarbonyl group) an 
alkyi group (such as a methyl group, an ethyl group, a propyl group, and a butyl group), a cycloalkyi group (such as a 
cyclohexyl group), an aryl group (such as a phenyl group), a cyano group, and a nitro group ^ 
[0036 In the general formula (2a). It is preferred that at least one of the groups represented by R Is an acid-decom 

iTh'i?'. H ^ T ■^'^(^•^3)-OR,s. wherein R,^ represents an optionally substituted alkyI group. In optionalh^ 

?on,^ I T ' T^' T substituted aralkyi group, or an optionally substituted aryl group ^ 

[0037] In the general fomiulae (2a) and (2a'). k is preferably 2 or 3 

[0038] The resin (A) of the invention may contain (A2) a repeating unit having a group i.iat is decomposed by the 
acfon of an acd to become an alkali-soluble group. In addition to the repeating uni? (A1). As the repe^Enrunit (^) 
are preferable repeating units represented by the following fomiulae (4) and C^) e repeating unit (A2) 



^X2 Ry2 

CH~C— 

La ^ 



V V 
25 (4) (5) 

[^nLlnt^r^ TT^T ^" ''"'^''"^ hydrocanon group L3 and L, each represents a connecting group; and V 
represents a group that is decomposed by the act.on of an acid to become an alkali-soiuble group R Z and R , each 

moir r l' ^P^^^^'M'^'T'" ' "^^"^ ^ °' ^" oPtionally'substitu^ld alky7|roup 

[0041] Preferably Q2 is norbomene; L3 is an alkylene group. -0-, or a conbination thereof: and L. Is a single bond 
35 moiT s '^•f" " "^y^^^^en atom; and R^ is a hydrogen atom, a methy, gro.p. or a trifluoromethyVgrour 
35 [0042] SpecifK: examples of the repeating unit (A2) include (A-1 ) to (A-39) enumerated as the repeating unit of the 
niulT^ H ^'-'^^ unit Of the genera, fSr x^)" (F^^so) 

i.? ^ 1/^0^?' * ^ ^ ^ '^^^ enumerated as the repeating unit of the general formula (XII): (F-30) (F-33) (F- 
34), and (F-38) enumerated as the repeating unit of the general formula (Xlli) and (F-54B) and (B-1) to (B-30) enu- 
rl^nfof f ^ ''epeating unit of the general formulae (VI) and ;XVII), all of which are described later 
40 [0043] Incidentally, the resin (A) of the invention is preferably a resin having the repeating unit represented by the 
general fonriu^a 2a) and at east one of the repeating units represented by the general fomiulae (I) and (VI) which is 
decomposed by the action of an acd to increase its solubility in an alkaline ceveloping liquid, or a resin having at least 
one Of the respective repeating units represented by the general formulae (2a-;. (1) and (VI). which is decomposed by 
the action of an acid to increase its solubility in an alkaline developing liquid 
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12 



BNSOOCID: <EP 1341038A2_I_> 



EP 1 341 038 A2 



[0045] In the general formula (Vl-A) , R^q^ and R^qj,, which may be the same or different, each represents an op- 
tionally substituted alkyi group; and R^qc represents an optionally substituted cycloalkyi group. 



[0046] In the general formula (Vl-B), R^gj^ represents an alkyI group, an alkenyl group, an alkynyl group, an aralky! 
group, or an aryl group, each of which may be substituted; and Z represents an atomic group constituting a monocyclic 
or polycycllc alicyclic group together with the carbon atoms in the general fornnula (Vl-B). 



[0047] In the general formula (Vl-C), R^q, represents an alkyI group, an alkenyl group, an alkynyl group, an aralkyi 
group, or an a.^l group, each of which may be substituted. 

[0048] The resin (A) of the invention may further have at least one of the repeating units represented by the general 
formulae (III) and (Vil) to (XVII). 

[0049] The details of each of the groups are as follows. 

[0050] As the alkyI group can be enumerated linear or branched alkyi groups, and examples include alkyl groups 
having from 1 to 8 carbon atoms such as a methyl group, an ethyl group, a propyl group, an n-butyl group, a sec-butyl 
group, a hexyl group, a 2-ethylhexyl group, and an octyl group. 

[0051] The cycloalkyi group may be monocyclic or polycyclic. Examples of the monocyclic cycloalkyi group induce 
those having from 3 to 8 carbon atoms such as a cyclopropyl group, a cyclopentyl group, a cyclohexyl group, a cy- 
cloheptyl group, and acyclooctyl group. Examples of the polycyclic cycloalkyi group include those having from 6 to 20 
carbon atoms such as an adamantyl group, a norbornyl group, an isobornyl group, a camphanyl group, a cyclopentyl 
group, an a-pinel group, a tricyclodecanyl group, a tetracyclododecyi group, and an androstanyl group. Incidentally, 
the cycloalkyi group includes ones in which a part of the carbon atoms constituting the ring is substituted with a hetero 
atom such as an oxygen atom, a sulfur atom, and a nitrogen atom. 

[0052] Examples of the aryl group include aryl groups having from 6 to 15 carbon atoms such as a phenyl group, a 
toiyl group, a dimethylphenyl group, a 2,4,6-trimethylphenyl group, a naphthyl group, an anthryl group, and a 9, 
10-dimethoxyanthryl group. 

[0053] Examples of the aralkyi group include aralkyi groups having from 7 to 12 carbon atoms such as a benzyl 
group, a phenethyl group, and a naphthylmethyl group. 

[0054] Examples of the alkenyl group include alkenyl groups having from 2 to 8 carbon atoms such as a vinyl group, 
an allyl group, a butenyi group, and a cyclohexenyl group. 

[0055] Examples of the alkoxy group include alkoxy groups having from 1 to 8 carbon atoms such as a methoxy 
group, an ethoxy group, an n-propoxy group, an isopropoxy group, a butoxy group, a pentoxy group, an allyoxy group. 

and an octoxy group. 

[0056] Examples of the acyl group include acyl groups having from 1 to 10 carbon atoms such as a formyl group, 
an acetyl group, a propanoyi group, a butanoyl group, a pivaloyi group, an octanoyi group, and a benzoyl group. 
[0057] Examples of the acyloxy group include acyloxy groups having from 2 to 12 carbon atoms such as an acetoxy 
group, a propionyloxy group, and a benzoyloxy group. 

[0058] Examples of the alkynyl group include alkynyl groups having from 2 to 5 carbon atoms such as an ethynyl 
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group, a propynyl group, and a butynyl group. 

[0059] Examples of the alkoxycsrbonyl group include tertiary alkoxycarbonyl groups such as a t-bjtoxycarbonvl 
group, a t-amyloxycarbonyl group, and a 1 -methyl-1 -cyclohexyloxycarbonyl group ycaroonyi 

SnfiJI ?rT'T °I ^^^T"" ^ ^ « '^^"'"'"^ ato"^. an iodine aton 

[0061 The divalent connecting group represents a divalent a kylene group, cycloalkylene group, alkenytene group 
or arylene group, each of which may be substituted. or-O-C-O-Rag,-. -CO-O-R^,,-. or-CO-N(R„ )-R«/Here R 
R22b. and whteh may be the same or different, each represents a single bond or a divalentllky^ene group 
cloalkylene group, a^kenylene group, or arylene group, each of which may have an ether group, an ester group an 
IZTn ^ " t r ^T^' °' ^ "'^'""^ ^roup; and R^^, represents a hydrogen atom, an cptionally substituted 

tutei a^l group substituted cycloalkyi group, an optionally substituted aralkyi group, or an optionally substi- 

[0062] As the alkylene group can be enumerated linearorbranchedalkylene groups, and examples include alkylere 
groups having from 1 to 8 carbon atoms such as a methylene group, an ethylene group, a propylene grojp. a butylere 
group, a hexylene group, and an octylene group. » f k/ a h <=. uuiyiere 

[0063] Examples of the cycloalkylene group include cycloalkylene groups having from 5 to 8 carbon atoms such as 
a cyclopentylene group and a cyclohexylene group. 

[0064] Examples of the alkenylene group include optionally substituted alkenylene grojps having frorr 2 to 6 carbcn 
atoms such as an ethenylene group, a propenylene group, and a butenylene group 

[0065] Examples of the arylene group include optionally substituted arylene groups having from 6 to 15 carbon atoms 
such as a phenylene group, a tolylene group, and a naphthylene group 

[0066] Examples of the ring formed when two of R.g, to H,,.. two of R,5, R,^,, and H,^., two of R,, to R^g. R^^ 
and R26. R27 and ^23. or Rgg and R30 are taken together include from 3- to 8-membered rings such as a cyclopropare 
ring, a cyclopentane ring, a cyclohexane ring, a tetramethylene oxide ring, e pentamethylene oxide ring a hexameth- 
ylene oxide nng. a furan ring, a pyran ring, a dioxonol ring, and a 1 , 3-dioxclan ring. 

[0067] 2 represents an atomic group constituting a monocyclic or polycyclic alicyclio g-oup together with the carbcn 
atoms in the general formula (Vl-B). Preferred examples of the monocyclic alicyclic group include those having from 
3 to 8 carbon atorns such as a cyclopropyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, and a 
cyclooctyl group. Preferred examples of the polycyclic alicyclic group include those having from 6 to 20 carbon atoms 
such as an adamantyl group, a norbomyl group, an isobornyl group, a carrphanyl group, a cyclopentyl group an a- 
pinel group, a tncyclodecanyl group, a tetracyclododecyl group and an androstanyl grojp 

[0068] Each of the foregoing alkyi group, cycloalkyi group, akoxy group, acyl group, acyloxy group, alkynyl group 
alkenyl group, aryl group, aralkyi group, alkoxycarbonyl group, alkylene group, cycloalkylene group, alkenylene group 
and arylene group may be substituted. ^ » k y = yiuu^.. 

[0069] Examples of the substituent include ones having active hydrogen (such as an amino group, an amide group 
a ureide group, a urethane group, a hydroxyl group, and a carboxyl group), a halogen a:om (such as a fluorine atorn' 
a chlorine atom, a bromine atom, and an iodine atom), an alkoxy group (such as a methoxy group, an ethoxy group' 
a propoxy group, and a butoxy group), a thioether group, an acyl group (such as an acetyl group, a propanoyi group' 
and a benzoyl group), an acyloxy group (such as acetoxy group, a propanoyloxy group, and a benzoyloxy group) an 
a koxycarbonyl group (such as a methoxycarbonyl group, an ethoxycarbonyl group, anc a butoxycarbonyl group) an 
alkyI group (such as a methyl group, an ethyl group, a propyl group, and a butyl group), a cycloalkyi group (such as a 
cyclohexyl group), an aryl group (such as a phenyl group), a cyano group, and a nitro g-oup 

[0070] In the invention, it is preferred that at least one of R, of the general formula (I). R, of the general fonnula (2a) 
or (2a-). and R^^ of the general formula (VI) is a trifluoromethyl group. It is more preferred that R,, of the general formula 
(VI) is a trifluoromethyl group. 



(0071 ] Examples of the group that is decomposed by the action of an acid to become alkali-soluble, which is contained 
' nio °l l^f '? ™ 1^'"'^^ -0-C{Riad) (R,8e) (R18.). -0-C(R,3,, (R,8e) (OR,3g) . -0-C00-C(R,8,) (Rl8») 
(R,8„, -0-C(Ro,) (R02) COO-C (R,8,) (R,8e) (R18,), -COO-C(R,8,) (R,8e) (Rl8f). and -COO-C(R,8,)(R,3:)(OR,;j 
Here. R^g^ to R^gg are synonymous with R,^ to R.^g with respect to the repeating un.t of the general foimula (VI) 
and R01 and R02 each represents a hydrogen atom, an optionally substituted alkyI group, an optionally substituted 
cycloalkyi group, an optionally substituted alkenyl group, an optionally substituted aralk>'l group, or an optionally sub- 
stituted aryl group. ' 

[0072] Preferred specific examples include an ether group or ester group of a tertiary alkyI group such as a t-butyl 
group, a t-amyl group, a 1-alkyl-1 -cyclohexyl group, a 2-alkyl-2-adamantyl group, a 2-adamantyl-2-propyl group and 
a 2-(4-methylcyclohexyl)-2-propyl group, an acetal group or acetal ester group such as a 1 -alkoxy-1 -ethoxy group and 
a tetrahydropyranyl group; a t-alkylcarbonate group: and a t-alkylcarbonylmethoxy group. Of these are more preferable 
acetal groups such as a 1 -alkoxy-1 -ethoxy group and a tetrahydropyranyl group. 

[0073] The acetal group is large in acid decomposability, wide in the width of selection of an acid-generating com- 
pound to be used in combination, and effective from the standpoints of enhancement of sensitivity and lapsing change 
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in performance after exposure until heating. An acetal group containing an alkoxy group derived from the perfluoroalkyi 
group as the 1 -alkoxy component of the acetal group is particularly preferred. In this case, it is possible to enhance 
the transparency to an exposure light having a short wavelength (for exannple, 157 nm of Fg excimer laser beams) 
[0074] A content of the repeating unit (A1) having the groups represented by the general formula (Z) is generally in 
5 the range cf from 5 to SO mole %, preferably from 7 to 70 mole %, and more preferably from 10 to 65 mole % In the 
resin (A). 

[0075] A content of the repeating unit (A2) that is decomposed by the action of an acid to become an alkali-solubie 
group is generally in the range of from 1 to 70 mole %, preferably from 1 to 65 mole %/ and more preferably from 5 to 
60 mole % in the resin lA) 

10 [0076] A content of the/epeating unit represented by the general formula (I) Is generally In the range of 5 to 80 mote 
""/o, preferably from 7 to 75 mole %, and more preferably from 10 to 70 mole % in the resin (A). 

[0077] A content of the repeating unit represented by the general formula (2a) or (2a') is generally in the range of 
from 5 to 80 mole %. preferably from 7 to 70 mole %. and more preferably from 10 to 65 mole % In the resin (A). 
[0078] A content of the repeating unit represented by the general fomnula (VI) is generally in the range of from 1 to 

15 70 mole %. preferably from 1 to 65 mole %, and more preferably from 5 to 60 mote % in the resin (A). 

[0079] A content of the repeating unit represented by the general formula (III) is generally in the range of from 1 to 
40 mole %. preferably from 3 to 35 mole %, and more preferably from 5 to 30 mole % in the resin (A). 
[0080] A content of the repeating unit represented by the general formula (VII) Is generally in the range of from 1 to 
40 mole %. preferably from 3 to 35 mole and more preferably from 5 to 30 mole % in the resin (A). 

20 [0081] A content of the repeating units represented oy the general formulae (VIII) to (X) is generally in the range of 
from 1 to 40 mole %. preferably from 3 to 35 mole %. and more preferably from 5 to 30 mole % in the resin (A). 
[0082] A content of the repeating uni:s represented by the general fomiulae (XI) to (Xlli) is generally in the range of 
from 1 to 40 mole %. preferably from 3 to 35 mole %. and more preferably from 5 to 30 mole % in the resin (A). 
[0083] A content of the repeating unit represented by the general fomnula (XIV) is generally in the range of from 1 

25 to 40 mole ^o. preferabiy from 3 to 35 mole %, and more preferably from 5 to 30 mole % in the resin (A). 

[0084] A content of the repeating uni: represented by the general formula (XV) Is generally in the range of from 1 to 
40 mole %/ preferably from 3 to 35 mole and more preferably from 5 to 30 moie % in the resin (A). 
[0085] A content of the repeating un t represented by the general fomrtula (XVI) ts generally in the range of from 1 
to 40 mole 'o. preferabiy from 3 to 35 mole %, and more preferably from 5 to 30 mole % in the resin (A). 

30 [0086] A content of the repeating unit represented by the general formula (XVII) is generally in the range of from 1 
to 40 mole ^o. preferabiy from 3 to 35 mole %. and more preferably from 5 to 30 mole % in the resin (A). 
[0087] A degree of protection of all OH groups of the formula (2) in the resin is preferably from 1 to 90 mole %. more 
preferably from 3 to 80 mole; and most preferably from 5 to 70 mole %. 

[0088] For the purpose of further enhancing the per'ormance of the photosensitive resin of the invention, the resin 
35 (A) of the invention may be copolymer zed with other polymerizable monomer, in addition to the foregoing repeating 

units. 

[0089] Examples of the copolymerizable monomer that can be used include compounds having one addition polym- 
erizable unsaturated bond, such as acrylic esters, acrylamides, methacrylic esters, methacrylamldes, allyl compounds, 
vinyl etherS: vinyl esters, styrenes, anc crotonic esters other than those described above. 
40 [0090] Specific examoies of the repeating unit represented by the general fonnula (I) will be shown below, but it 
should not oe construed that the invention is limited thereto. 
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55 [0092] Specific examples of the repeating unit (A1) of the invention other than that of the general formula (2a) or 
(2a') will be shown below, but it should not be construed that the invention is limited thereto. 
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should not be construed that the Invention Is limited thereto. 
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[0095] Specific examples of the repeating units represented by the general formulae (VIII) to (XIII) will be shown 
IS belovy, but It should not be construed that the invention is limited thereto. 
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[0096] Specific examples o' the repeating units represented by the general formulae (VI) and (XVH) will be shown 
below, but it should not be construed that the invention is limited thereto. 
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[0097] Specific examples of the repeating unit represented by the general fomnula (XV) include repeating units formed 
from the foregoing vinyl ethers. 

[0098] Specific examples of the repeating units represented by the general forrsula (3) will be shown below, but it 
should not be construed that the invention is limited thereto. 
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[0099] The repeating units enumerated above may be use singly or in admixture of two or more thereof 
[0100] The resin. (A) of the invention having the foregoing repeating units preferably has a weight average molecular 
weight m the range of from 1 ,000 to 200.000, more preferably from 3. 000 to 200.000. and most preferably from 3 000 
to 50. 000. A molecular weight distribution (degree of distributicn) is in the range of from 1 to 10. preferabV from 1 to 
3. more preferably from 1 to 2, and most preferably from 1 to 1.7. The smaller the molecular weight distribution the 
more superior the coating properties, sensitivity and contrast are. 

[0101] In addition, degree of distribution is defined as the quotient (Mw/Mn) which is obtained by dividing weight 
average molecular weight (Mw) by number average molecular weight (Mn). 

[0102] In the invention, it is preferred that a proportion of resins having a molecular weight of 1 ,000 or less is 20 % 
or less, more preferably 15 % or less, and most preferably 10 % % or less. Further, a proportion of the residual non- 
reacted monomers in the resin (A) is preferably 1 0 % or less, more preferably 7 % or less, and most preferably 5 % or 
less. ' 

[0103] An addition amount of the resin (A) of the invention is generally in the range of from 50 to 99.6 % by weight 
preferably from 60 to 98 % by weight, and more preferably from 65 to 95 % by weight on a basis of the total solids 
content of the composition. 

[0104] The acid-decomposable resin that is used in the invention can be synthesized by a customary manner (such 
as radical polymerization). For example, as the general synthesis method, the monomer species are charged at once 
or on the way of the reaction into a reaction vessel; if desired, the monomers are dissolved in a reaction solvent such 
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as ethers (e.g., tetrahydrofuran, 1 ,4-dioxane, diisoporpyl ether), ketones (e.g., methyl ethyl ketone, methyl isobutyl 
ketone), ester solvents (e.g., ethyl acetate), and solvents dissolving the various monomers therein as described later 
(e.g.. propylene glycol monomethyl ether), to form a uniform solution; and polymerization of the solution is Initiated by 
heating, if desired in an inert gas atmosphere such as nitrogen and argon using a commercially available radical initiator 

5 (such as an azo-based Initiator and a peroxide). If desired, the initiator Is supplemented or divldedly added. After 
completion of the reaction, the reaction mixture is added to a solvent, and the desired polymer Is recovered by a powder 
or solid recovery method. A reaction concentration is 20 % by weight or more, preferably 30 % by weight or more, and 
more preferably 40 % by weight or more. A reaction temperature is from 1 0 °C to 150 ^'C. preferably from 30 °C to 1 20 
°C. and more preferably from 50 °C to 100 **C. Incidentally, depending on the monomer, anionic polymerization may 

10 be suited for the synthesis The polymerization methods are described In Jikken Kagaku Koza 28: Kobunshi Gosei 
(Experimental Chemistry Lecture No. 28: Polymer Synthesis), edited by The Chemical Society of Japan (Maruzen) 
and Shin-Ji'kken Kagaku Koza 19: Kobunshi Kagaku {Hew Experimental Chemistry Lecture No. 19: Polymer Chemistry), 
edited by The Chemical Society of Japan (Maruzen), 

[0105] in a resist composition, it is preferred that generation of particles (the agglomeration o*' particles) which cause 
15 the sensitivity to change is reduced as far as possible. In general, the number of particles tend to increase wi:h increase 

in the content of metaL because the resin particles agglomerate around nuclei of the metal in a solvent. 

[0106] Therefore, in the invention, it is preferred that the amount of metal components contained In the resin as the 

component (A), such as Na, K, Ca, Fe, and Mg is small. Concretely, the content of each of the metal species contained 

in the resin is preferably 300 ppb or less, more preferably 200 ppb or less, ano most preferably 100 ppb o' less. 
20 [0107] Since the fluorlne-contalnlng resins used for resists for excimer laser come often in contact with metallic 

catalysts in the process for synthesizing fluorine-containing monomers and the process for polymerizing the fluorlne- 

ccntaining resins the resins are apt to increase in the content of metallic impurities. 

[01 08] The number of particles tend to increase with increase in the content of metallic impurities In the resists, and 
tho probable reason for this is that the resin particles agglomerate around nuclei of the metallic impurities h a solvent 
23 with the elapse of time. Moreover the agglomeration of the resin particles is presumed to bring about a substantial 

change of components forming a resist composition to cause the sensitivity to change. 

[0109] The metallic impurities contained In the resist composition are Na, K, Ca. Fe, Mg, Mn. Pd, Ni, Zn. Pt. Ag, Cu^ 
ard the like. 

[0110] Known methods for decreasing the content of the metallic impurities, i e. the number of particles in the resist 
30 ccmposition Include a method of preparing a solution by dissolving the resin in a solvent and filtering the solution 
th'ough an ion exchange filter, washing with liquid, and a treatment with an acidic Ion exchange resin or a chelate resin. 
[0111] A preferred method for decreasing the content of the metallic impurities in the chemical amplification-type 
resist composition of the Invention is a method comprising a step of filtering a solution of the resin of the invention 
through an ion exchange filter subsequently a step of adding a photo-acid generator and a basic organic compound, 
35 a suractant, or the like as needed to the solution to prepare a mixture, and lastly a step of filtering the mixture through 
a filter for removing insoluble colloid. 

[0112] The ion exchange filters usable are preferably cation exchange filters where Ion exchange groups are fixed 
or a porous film made of polyethylene or a porous film made of polypropylene, including lonclean (producec by Nippon 
Pore Inc.) and lonclean AQ (produced by Nippon Pore Inc.). The speed through the ion exchange filters preferably is 

•^0 from 500 to 10,000 cc/min/m^. The filters for removing insoluble colloid preferably are filters made of syntnetic resin, 
Including Mykrolls Optimizer DEV-16/40 (polyethylene filter produced by Mykrolls Corp.), Mykroguard MInichem (pol- 
yethylene filter produced by Mykrolls Corp.). Enflon (polytetrafluoroethylene filter produced by Nippon Pore Inc.), Ult- 
ipore N66 (nylon 66 filter produced by Nippon Pore Inc.), Zetaplus (cellulose filter produced by CUNO Inc.). Electropore 
II (nylon 66 filter produced by CUNO Inc.), and the like. When the step of filtration Is conducted after adding an Ionic 

^5 compound such as a photo-acid generator, the filter for removing insoluble colloid preferably is that having no ion 
exchange capability. 

[0113] The pore size of the ion exchange filler and the filler for removing insoluble colloid is preferably from 0.01 to 
0.5 um and more preferably from 0.01 to 0,1 ixm. 

[0114] In the invention, the resin as the component . (A) preferably has an acid value of from 0.05 x IC^ to 6.0 >: 
50 10-2 moi/g, more preferably from 0.1 x lO'^ to 5.0 x lO'^ mol/g, and most preferably from 0.2 x 10"^ to 4.4 x 10-^ 
moi/g. As the acid group that Influences the oxidation is enumerated the hydroxyl group among the groups represented 
by the general formula (Z). 

[0115] The method for controlling the acid value so as to fall in the range as described above can be realized by 
adjusting appropriately the composition ratio of a repeating unit containing a group where R is a hydrogen atom of the 
55 groups represented by general formula (Z) as described above. 
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[2] Components (B1) and (B2): 



[01 16] The photosensitive resin composition according to the invention contains a compound capable of generatrnq 
an aliphatic or aromatic sulfonic acid substituted with at leas: one fluorine atom upon irradiation with one of an actinic 

5 ray and a radiation, especially exclmer laser beams (this compound being referred to as "component (B1)") 

[0117] Incidentally, in the Invention. It is possible to use a compound capable of generating a fluorine atom-free 
aliphatic or aromatic sulfonic acid, or an aliphatic or aromatic carboxylic acid upon irradiation with one of an actinic ray 
and a radiation (this compound being referred to as "component (B2)'') in combinaiicn with the component (B1) 
[0118] When the component (B2) is combinec with the component (B1), It is possible to enhance the coatinq oroD- 

10 erties and contrast. » ^ r' 

[0119] In the component (B1). the aliphatic or aromatic sulfonic acid preferably has Tom 1 tol 2 carbon atoms more 
preferably from 2 to 16 carbon atoms, and most preferably from 3 to 1 2 carbon atoms. 

[0120] The compounds (components (B1 and (B2) ) capable of generating an actd upon irradiation with one of an 
actinic ray and a radiation can be selected from those that are generally used as a compound that is decomposed 
upon irradiation with one of an actinic ray and a radiation to generate an acid (this compound being referred to "photo 
acid generator"). 

[01 21 ] Specifically, as the photo acid generator can be properly selected and usee ohoto initiators of photo cationic 
polymerization, photo initiators of photo radical polymerization, light decoloring agenis of dyes, light discoloring agents 
and compounds to generate an acid by known lights used for microresists (such as uilraviolel rays of from 400 to 200 
nm and far ultraviolet rays, and particularly preferably g-rays. n-ryas. i-rays. and KrF excimer laser beams). ArF excimer 
laser beams. F2 excimer laser beams, electron beams. X rays, molecular rays, or ic-: beams, or mixtures thereof. 
[0122] Examples of such compounds include onium sa'ts such as diazonium sa=:s as described in S I. Schlesinger 
Photogr Sci. Eng.^ 18. 387 (1974) andTS. Sal, et al.. Potymer, 21, 423 (1980). anrronium salts as described in U s' 
Patents Nos. 4.069,955 and 4,069,056, U.S. Reissue Patent No. 27.992. and JP-A-S-1 40140. phosohonium salts as 
described in D.C.Necker etal., Macromolecu/es. M 2468 (- 984), C.S Wen etal . Teh. Proc. Cont Pad Curing ASIA 
p.478. Tokyo. Oct (1988). and U.S. Patent Nos. 4.069,055 a^d 4,069.056. iodoniurr salts as described in J V Crivello' 
et al../Wacromo/ecu/es, 10(6), 1307(1977), C/7e/n.<SEnp. /Veivs, Nov. 28. p.31 (1955-: European Patent Nos IO4143' 
339.049 and 410.201 . JP-A.2-1 50848, and JP-A.2-296514. sulfonium salts as descricad in J. V. Crivello. et at Po/ymer 
J.. 17, 73 (1985). J.V. Crivello. et al.. J. Org. Chem., 43. 3055 (1 978). W.R. Watt, et =; J. Polymer Sci Polymer Chem 
Ed.. 22, 1789 (1984), J.V. Crivello. et al., Polymer Bull., 14 279 (1985). J.V. Crive.lc et al.. Macromolecutes 14(5) 
1141(1981). J.V. Crivello et al.. J. PolymerScL, PolymerChem. Ed., 17. 2877 (1979:. European Patent Nos 370 693' 
161,811. 410.20-. 339.049, 233,567, 297,443 and 297.442. U.S. Patent Nos. 4.933.377 3 902 114 4 760 013' 
4.734,444 and 2.833,827, and German Patent Nos. 2,904.326, 3,604.580 and 3.604.581. selenonium salts as de- 
scribed in J.V Crivello. et al.. Macromolecules, 10(6). 1307 (1977) and J.V Crive::c e:al.. J. PolymerScL, Polymer 
Chem. Ed., 17. 1047 (1979). and arsonium salts as described in C.S. Wen, et al.. Teh. Proc. Conf. Bad. Curing ASIA, 
p.478, Tokyo. Oct (1988); organic halides as described in U.S. Patent No. 3,905.815. JP-B-46-4605 JP-A-48-36281 ' 
JP-A-55-32070. JP-A-60-239736. JP-A-61 -169835, JP-A-61-1 69837. JP.A-62-5S241 . JP-A-62-212401 . JP-A- 

63- 70243 and JP-A-63-298339; organic metal/organic haliaes as described in K. Ve er, et al ., J. Pad. Curing 13(4) 
26 (1986), TP Gill, etal., Inorg Chem., 19, 3007 (1980). D. Astruc, Acc. Chem. Res.. 19(12). 377 (1986). and JP-A- 
2-161445; photo acid generators having an O-nitrobenzyl type protective group as described in S. Hayase, et al. J. 
PolymerScL, 25. 753 (1987). E. Reichmanis, etal., J. PolymerScL, Polymer Chem. Ed..23, 1 (1985). Q.Q.'zhuetal 
J. Photochem... 36. 85, 39, 317 (1987). B. Amit, et al.. Tetrahedron Lett. . (24). 2205 (1973), D.H.R. Barton, et al.. J. 
Chem. Soc, 3571 (1965), P.M. Collins, etal., J. Chem. Sac. Perkin I, 1695 (1975) V. Rudinstein. et al., Tetrahedron 
Lett., (17), 1445 (1975), J.W. Walker, et al., J. Am. Chem. Soc, 110. 7170 (1988). S C. Bushman, et al., J. imaging 
TechnoL,^^{4), 191 (1985), H.M. Houlihan, et al., Macromolecules, 21. 2001 (1988). P.M. Collins, et al.. J. Chem. Soc 
Chem. Commun. 532 (1972), S. Hayase. et al.. Macromotecules, 18. 1799 (1985). E. Reichmanis/ et al.. J. Electro- 
chem. Soc, Solid State ScL TechnoL, 130(6), P.M. Houlihan etal.. Macromolecutes. 21 2001 (1988) European Pat- 
entNos. 290,750. 46,083, 156,535, 271 .851 and 388,343, U.S Patent Nos. 3.901 .71 0 and 4. 1 81 ,531 , JP-A-eO-l 98538. 
and JP-A-53-1 33022; compounds that are photo-decomposed to generate a sulfonic acid, represented by imlnosul- 
fonate as described in M. TUNOOKA, et al., Polymer Preprints Japan. 35(8). B. Berner et al.. J. Had. Curing, 13(4) 
W.J. Mljs, et al., Coating TechnoL, 55(697), 45 (1 983), Akzo. h. AdachI, et al.. Polymer Preorints^ Japan. 37(3) European 
Patent Nos. 199.672, 84,515, 44,115. 618,564 and 101.122, U.S. Patent Nos. 4.371.605 and 4.431,774. JP-A- 

64- 18143/ JP-A-2-245756, and JP-A-3-1 401 09; and disulfone compounds as described in JPA-61 -166544. 
[01 23] As the combination of the component (B1 ) and the component (B2) are preferable the following combinations. 
[0124] A combination in which the component (B1 is a compound capable of gererating an aliphatic or aromatic 
sulfonic acid substituted with at least one fluorine atom upon Irradiation v/ith one of an actinic ray and a radiation: and 
the component (B2) is a compound capable of generating an aliphatic or aromatic sulfonic acid not containing a fluorine 
atom as an anion, or an ionic compound having an aliphatic or aromatic carboxylic acid that may have a fluorine atom 
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as an anion, [a] The connpound capable of generating a fluorine-containing sulfonic acid upon irradiation with one of 
an actinic ray and a radiation (and ionic connpound containing a fluorine-containing sulfonic acid as an anion) will be 
described. 

[01 25] For example, iodonium salts represented by the following general formula (PAG3) and sulfonium salts repre- 
5 sented by the following general formula (PAG4) can be enunnerated. 
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[0126] In the formulae, Ar"" and Ar^ each independently represents a substituted or unsubstituted aryl group; R203, 
R2<^, and each independently represents a substituted or unsubstituted alky group or a substituted or unsubsli- 
20 tuted aryl group; Z* represents a sulfonic anion having at least one fluorine atom: and two of R^os. R204^ gnd R205 or 
Ar"" and Ar^ may be taken together via the single bone or substituent thereof. 

[0127] The aryl group represented by Ar\. Ar2^ R203 r204 R^c^^ is preferably an aryl group having from 6 to 14 
carbon atoms, and the alkyi group represented by Ar"" . Ar2 R203 ^20^ gpci r205 \q preferably an alkyi group having from 
1 to 8 carbon atoms. 

25 [0128] Preferred examples of the substituent on the aryl group include an alkoxy group having from 1 to 8 carbon 
atonns, an alkyi group having from 1 to 8 carbon atcms. an alkoxycarbonyl group havmg from 2 to 9 carbon atoms, an 
alkylcarbonylamino group having from 2 to 9 carbon atoms, a nitro group, a carboxyl group, a hydroxyl group, a halogen 
atom, and a phenylthio group: and preferred examoles of the substituent on the alkyi group include an alkoxy group 
having from 1 to 8 carbon atoms, an aryl group having from 5 to 1^ carbon atoms an arylcarbonyl group having from 

30 6 to 15 carbon atoms, a carboxyl group, and a halcgen atom. 

[0129] Preferred examples of the sulfonic anion represented by Z* include an aliphatic hydrocarbon having from 1 
to 20 carbon atoms and an aromatic hydrocarbon having from 5 to 20 carbon atoms, each of which has at least one 
fluorine atom and may be suostituted. Examples of the substituenz include an optionally fluorine-substituted alkoxy 
group having from 1 to 10 carbon atoms, an optionally fluorine-substituted alkoxycarbonyl group having from 2 to 11 

35 carbon atoms, a phenylamino group, a phenylcarbonyl group, a halogen atom, and a hydroxyl group. As the substituent 
on the aromatic hydrocarbon can further be enumerated an alky! croup having from 1 to 15 carbon atoms. 
[0130] Specific examples will be given below, but it should not be construed that the invention is limited thereto. 
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[b] As the compound capable of generating a fluorine-free sulfonic acid upon irradiation with one of an actinic ray and 
a radiation and the ionic compound having a fluorine-tree sulfonic acid as an anion can be enumerated iodonium saks 
and sulfonium salts represented by the foregoing general formulae (PAG3) and (PAG4), respectively, wherein Z' rep- 
resents a fluorine atom-free sulfonic anion. 

[0131] Specific examples of the compound will be given below, but it should not be construed that the invention is 
limited thereto. 
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[0132] Further, disulfone derivatives represented by the following general formula (PAG5) and Imlnosulfonate deriv- 
atives represented by the following general formula (FAG6) can be enumerated. >m.nosuifonate oer.v 
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[0133] In the formulae. Ar3 and Ar' each Independently represents a substituted or unsubstltuted aryl group R206 
represents a substituted or unsubstltuted alkyi group or a substituted or unsubstltuted aiyl group; and A represents a 

s^ttitd :;;"n:rup """^"^ ^ ^"'"'""'^ "-^-"^^^""^ ^'^^"^'^-^ °' « -''^^'--^ - - 

[0134] Specific examples will be given below, but it should not be construed that the invention is limited thereto. 
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Moreover, diazodisulfone derivatives represented by the following general formula (PAG7) can be enumer- 
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[0136] In the formula, R represents a linear, branched or cyclic alky! group or an optionally substituted aryl group. 
[0137] Specific examples will be given below, but it should not be construed that the invention is limited thereto. 
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[0138] The compounds as set forth in [a] and [b] as above can be synthesized by reacting an aromatic compound 
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w, h a penodate and subject.ng the obtained iodon um salt to salt exchange wi:h a corresponding sulfonic acid 
0139] Further, the compounds can be synthesized by a rrethod in which a substituted or unsubstituted phenyl sul 

LaiS . ? T ^"^r" ^""^""^ ^" ^-y' -^^gnesium bronlde. and the obtained trlaXlfonfur^ 

5 ^! fmiho5 H k'?-^"^!'''* ^^^^--^^P^^ding sulfonic acid. Moreove-. the compounds can beTynthesized 

5 by a method ,n wh.ch a substituted or unsubstituted phenyl sulfoxide is condensed and subjected to saH exchanae 

oZLZZZl LTr^'" " P"^^"^^ °' ^-^'^ ^^'^'y^-' -'^^ - methanesulfonic acSd phos- 

phorus pen ox.de and aluminum chlonde. or a method In which a diao^liodonium salt and a dia^rl sulfide are condensed 
and subjected to salt exchange in the presence of a catalyst such as copper acetate condensed 
f!?°^ ir "^^f ^'^^^^"S^ ^^^"e^' by a method in which a halide is first introduced and then exchanged 

If '""^ ^ T^l °^ "^'"9 ^" ^--'^^"ge resin. As the s^fonic acid or 

su fonate that is used for the salt exchange, commercially available materials can be used AlternatS » cS, be 
Obtained by hydrolysis of a commercially available sulfonic halice. [c] The compound capable ofgenerS a lupine 

iTZy '"k °^ ^" ^•^^'"''^ « -^-^ the ionic compound comaTng 

a fluorine-containing carboxylic acid as ar anion w.ll be described coniaining 

LmIS- ^''r^'T °' T ""^""^-substituted aliphatic carboxylic acid Include : uorine-substituted compounds of an 

acetic acid capronic acid, heptano.c acid, caprylic acid.. pelargon;c acid, capric acid, lauric acid myristic acid oaSc 
acid, steanc acid, undecanoic acid, dodecenolc acid, and tridecanoic acld'rrese compounds Ty have a hydrox^ 
group, an alkoxy group, or a halogen atom as a substiluenl. Fulher. those con:a ning a connecting group such as an 
IrllneT -' ' ^""^^ ' ' = '" allphatfc Chain merlof are 

formuL "-""-substituted aliphatic carboxylic acid are preferable those -apresented by the following general 
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[0143] In the general fomiula. L represents a hydrogen atom ora fiuorine atom r .nd reach independently represents 
an integer o from 0 to 15; and q represents an integer of from 1 to 1 5. In the ge-eral formula the hydrogen mom^S 
or fluorine atom(s) may be substituted witn an optionally fluorine atom-substitu:e: alkyi group (prefeLly oneTaving 
car^n i:r:;ZZS^l^'''' """^ atom-substituted a.oxy gro. .reJe^ably^ot .s..^Z:'Zt 
Sllf LnnhL''^ fluorine-substituted aliphatic carboxylic acid are preferable flucr -a-substituted compounds of a satu- 

WhiT H r ''""^ ' '° ^° '^^^^^^ "^^^^ P^^-^^^bly from 4 to 20 carbon atoms 

When the number of carbon atoms Is 4 or more, the diffusibility of the generaiec carboxylk: acid is lowered andThe 
lapsing change ,n line width after exposure until heating can be more inhibited. A~ong them, fluorine-substituted com- 
mT«l LNIIT or branched saturated aliphatic carboxylic acid saving from . 13 carbon atoms are preferred 
nllrl K ^^^,.""°""^-=",bst';uted aromatic carboxylic acid are preferable flu.- -a-substituted compounds of an ar- 
oma ic carboxylic acid having from 7 to 20 carbon atoms, more preferably from 7 :o 15 carbon atoms and most pr5- 
40 erably from 7 to 1 1 carbon atoms. Specific examples include.fluorine-substitutec compounds of an aromatic ^r^ox^ 
acd such as benzoic acd. a substituted benzoic acid, naphthoic acid, a substi:.:ed naphthoic acid. anthrSeneca 
boxy Ik: acd. and a substituted anthracenecarboxylic acid (wherein examples of tre subsLent include an alkyfg'oup 
an a koxy group, a hydroxyl group, a halogen atom, an a^^l group, an acyl group, an acyloxy group, a nitro gmup an 
4S s'rtuteTbTnzr Zr''"" ^""^^^ °' ''''' ''^'^'^^^ Huorine-substitute. comjoun^s of Lnzolc a^a'nd a 
[01 46] These fluorine-substituted aliphaiic or aromat c carboxylic acids are ones In which at least one hydrogen atom 
present in other skeleton than the carboxyl group is substituted with a fluorine atom, and particularly prefeLly aTphaifc 
or aromatic carboxylic acids in which all hydrogen atons present in other skele:o. than the carboxyl group are subs^ 

so acids). These compounds can make the sensitivity more superior, 

[0147] Preferably, there are enumerated onlum salt compounds (such as sulfonium salts and. iodonium salts) car- 
boxylic ester group-containing imideca*oxylate compounds, or nitrobenzyl ester compounds having an anion of the 
fluonne atom-substituted aliphatic or aromatic carboxylic acid as a counter anion 

[01 48] More preferably there are enumerated compounds represented by the following general formulae (I) to (III) 
These compounds can make the sensitivity, resolving power, anc exposure margin more superior Upon i radiation 
with one of an actinic ray and a radiation, these compounds generate a saturated aliphatic or aromatic carboxylic acid 
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[0149] In the general formulae, to R37 each independently represents a hydrogen atom, a linear branched or 
cyclic alkyi group, a linear, branched or cyclic alkoxy group, a hydroxyl group, a halogen atom, or an -S-R38 group; 
represents a linear b-ached or cyclic alkyI group or an aryl group; and X* represents an anion of an aliphatic or aromatic 
carboxylic acid substituted with at least one fluorine atom. 

-to [0150] X* preferably represents an anion of a perfluoro aliphatic carboxylic acid or a perfluoro aromatic carboxylic 
acid, and particularly preferably an anion of a fluorine-substituted alkylcarboxylic acid having 4 or more carbon atoms. 
[0151] In the general fomriulae (I) to (III), examples of the linear or branched alkyI group represented by R^ to R3Q 
include ones having from 1 to 4 carbon atoms, which may be substituted, such as a methyl group, an ethyl group, a 
propyl group, an n-bLtyl group, a sec-butyl group, and a t-butyl group; and examplesof the cyclic alkyI group represented 

•*5 by R, to R38 include ones having from 3 to 8 carbon atoms, which may be substituted, such as a cyclopropyl group, 
a cyclopentyl group, and a cyclohexyl group. 

[0152] Examples of the alkoxy group represented by R^ to R37 include ones having from 1 to 4 carbon atoms such 
as a methoxy group, an ethoxy group, a hydroxyethoxy group, a propoxy group, an n-butoxy group, an isobutoxy group, 
a sec-butoxy group, a t-butoxy group. 
50 [0153] Examples of the halogen atom represented by R^ to R37 include a fluorine atom, a chlorine atom, a bromine 
atom, and an iodine atom. 

[0154] Examples of the aryl group represented by R^q include ones having from 6 to 14 carbon atoms such as a 
phenyl group, a tolyl group, a methoxyphenyl group, and a naphthy! group. The aryl group may be substituted. 
[0155] Preferred examples of the substituent include an alkoxy group having from 1 to 4 carbon atoms, a halogen 
55 atom (such as a fluorine atom, a chlorine atom, and an iodine atom), an aryl group having from 6 to 10 carbon atoms, 
an alkenyl group having from 2 to 6 carbon atoms, a cyano group, a hydroxyl group, a carboxy group, an alkoxycarbonyl 
group, and a nitro group. 

[0156] The iodonium compounds or sulfonium compounds represented by the general fonnulae (1) to (III), which are 
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used in the invention, have an anion of a saturated aliphatic or aromatic carboxylic acic substituted with at least one 
fluonne atom, as the counter anion X-. These anions are an anion (-CO0 ) from which the hydrogen atom of the 
carboxylic acid (-COOH) has split off. oium oi me 

{0157] Specific examples will be given below, but it should not be construed that the invention is limited thereto 
Specific examples (l-1f) to (l-36f) of the photo acid generator represented by the general formula (I) 
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[0158] Specific examples (ll-1f) to (ll-67f) of the photo acid generator represented by the general formula (II); 
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[0159] Specific examples (lll-lf) ) to (lll-4f) of the photo acid generator represonied by the general formula 
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[01 61] The compounds represented by the general formula (I) can be synthesized by reacting an aromatic compound 
using a periodate and subjecting the obtained iodonium sail to salt exchange with a cor-esponding carboxylic acid 
[0162] Thegompoundsrepresentedbythegeneralformu!ae(ll)and(III)canbesyntheszedby.forexample amethod 
in which a substituted or unsubstituted phenyl sulfoxide is reacted with an aryl Grignard reagent such as an aryl mag- 
nesium bromide, and the obtained triaryl sulfonium halide is subjected to salt exchange with a corresponding carboxylic 
acid. Moreover the compounds can be synthesized by a method in which a substituted or unsubstituted phenyl sulfoxide 
is condensed and subjected to salt exchange with a corresponding aromatic compourd in the presence of an acid 
catalyst such as methanesulfonic acid/diphosphorus pentoxide and aluminum chloride, or a method in which a diaryl- 
iodonium salt and a diaryl sulfide are condensed and subjected to salt exchange In the presence of a catalyst such as 
copper acetate. 

[0163] The salt exchange can be carried out by a method in which a halide is first Introdjced and then exchanged 
to a sulfonate using a stiver reagent such as silver oxide, or by using an ion exchange resin. As the sulfonic acid or 
sulfonate that is used for the salt exchange, commercially available materials can be used. Alternatively. It can be 
obtained by hydrolysis of a commercially available sulfonic halide. 

[0164] As the fluorine-substituted carboxylic acid as the anion moiety Is preferable ore using a compound derived 
from fluoro aliphatic compounds produced by the telomerizatlon process (also called as "telomer process") or the 
ollgomerlzation process (also called as "oligomer process"). The production processes of these fluoro aliphatic com- 
pounds are described In, for example, Fusso Kagobutsu no Goseito Kino (Syntheses and Functions of Fluorine Com- 
pounds), supen/ised by Nobuo Ishikawa, pp.1 17-1 18 (1987), published by CMC Publishing Co., Ltd.. and Chemistry 
of Organic Fluorine Compounds II (Monograph 187. Ed by Milos Hudlicky and Attila E. Pavlath, American Chemical 
Society 1 995) , pp.747-752. The telomerizatlon process as referred to herein is a process in which a fluorine-containing 
vinyl compound such as tetrafluoroethylene is subjected to radical polymerization using as a telogen. an alkyi halide 
having a large chain transfer constant, such as Iodides, to synthesize a telomer . In the synihesis by the telomer process, 
a mixture of plural compounds having a different carbon chain length Is obtained. In this case, the mixture may be used 
as it is or after purification. 

[d] specific examples of the compound capable of generating a fluorine-free carboxylic acid upon irradiation with one 
of an actinic ray and a radiation and the ionic compound having a fluorine-free carboxylic acid as an anion will be given 
below, but it should not be construed that the Invention is limited thereto. 

[01 65] For example, there can be enumerated compounds represented by the following general formulae (Al) to (AV). 
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[0166] In the formulae, R3q^ to R337 each independently represents a hydrogen atom, a linear, branched or cyclic 
55 alkyi group, a linear branched or cyclic alkoxy group, a hydroxyl group, a halogen atom, or -an -S-Rq group; Rq rep- 
resents a linear, branched or cyclic alky! group or an aryl group; Ra and Rb each Independently represents a hydrogen 
atom, a nitro group, a halogen atom, an optionally substituted atkyi group, or an optionally substituted alkoxy group; 
Rc and Rd each Independently represents a halogen atom, an optionally substituted alkyI group, or an optionally sub- 
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stituted aryl group; Rc and Rd may be taken together to form an aromatic ring or a monocyclic or polycyclic hydrocarbon 
(these nngs may contain an oxygen atom or a nitrogen atom); Y, and each represents a carbon a cm the y ? 
bond may be a single bond or a double bond; X- represents an anion of a carboxylic acid represented byThetn^ii 
^T^^nT independently represents an ester group formed in the ca boxylg oup moiL^ 

of a carboxylic acid compound represented by the fonnulae as described below. ^ 
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[0167] In the formulae. R338 represents a linear, branched or cyclic alkyl group having from 1 to 30 carbon atoms 
(the Cham of the alkyl group may contain an oxygen atom or a nitrogen atom) , a linear branched or cyclic alkenyl 
group having from 1 to 20 carbon atoms, a linear, branched or cyclic alkynyl group having from 1 to 20 carton atoms 
a linear brancned or cyclic alkoxy group having from 1 to 20 carbon atoms, the foregoing alkyl group in which at least 
part of the hydrogen atoms is substituted with a halogen atom and/or a hydroxyl group, the foregoing alkenyl group in 
which at least part of the hydrogen atoms is substituted with a halogen atom and/or a hydroxyl group, or a substituted 
or unsubstiluted aryl group having from 6 to 20 carbon atoms. Examples of the substituent on the aryl group include 
an alkyl group, a nitro group, a hydroxyl group, an alkoxy group, an acyl group, an alkoxycarbonyl group, and a haloaen 
atom. ^ 

[0168] R33Q represents a single bond, a linear branched or cyclic alkylene group having from 1 to 20 carbon atoms 
(the chain of the alkylene group may contain an oxygen atom or a nitrogen atom), a linear branched orcyclic alkenylene 
group having from 1 to 20 carbon atoms, the foregoing alkylene group in which at least part of the hydrogen atoms is 
substituted with a halogen atom and/or a hydroxyl group, the foregoing alkenylene group in which at least part of the 
hydrogen atoms is substituted with a halogen atom, or an alkoxyalkylene group having from 2 to 20 carbon atoms. 
R338S and =^3395, which are each present in a plural number, may be the same or different. 

[0169] R3^ represents £ hydroxyl group or a halogen atom, and R^,s, which are present In a plural number may 
be the same or different, m. n. p, and q each independently represents an integer of from 0 to 3- (m + n) < 5- to -I- a) < 
30 5: and 2 represents 0 or 1 . • ^ / > vk m/ 

[0170] In the general fomiulae (Al) to (AV). examples of the linear and branched alkyl group represented by Rgoi to 
R337 Ra. Rb. Rc. Rd. anc Rq include ones having from 1 to 4 carbon atoms, which may be substituted, such as a 
methyl group, an ethyl grojp. a propyl group, an n-butyl group, a sec-butyl group, and a t-butyl group: and examples 
of the cyclic alkyl group represented by R30, to R337, Ra. Rb, Rc, Rd. and Rq include ones having from 3 to 8 carbon 
35 atoms, which may be substituted, such as a cyclopropyl group, a cyclopentyl group, and a cyclohexyl group 

[01 71 ] Examples of the alkoxy group represented by R^^, to R337 Ra, and Rb Include ones having from 1 to 4 carbon 
atoms such as a methoxy group.- an ethoxy group, a hydroxyethoxy group, a propoxy group, an n-butoxy group an 
isobutoxy group, a sec-butoxy group, and a t-butoxy group. 

[0172] Examples of the halogen atom represented by R301 to R337 Ra, Rb, Rc. and Rd Include a fluorine atom a 
•^0 chlorine atom, a bromine atom, and an iodine atom. 

[0173] Examples of the aryl group represented by Rq. Rc. and Rd include ones having from 6 to 14 carbon atoms 
which may be substituted, such as a phenyl group, a tolyl group, a methoxyphenyl group, and a naphthyl group. 
[0174] Preferred examples of the substituent include an alkoxy group having from 1 to 4 carbon atoms, a halogen 
atom (such as a fluorine atom, a chlorine atom, and an iodine atom), an aryl group having from 6 to 10 carbon atoms 
an alkenyl group having from 2 to 6 carbon atoms, a cyano group, a hydroxyl group, a carboxy group, an alkoxycarbonyl 
group, and a nItro group. 

[0175] Examples of the aromatic ring or monocyclic or polycyclic hydrocarbon (these rings may contain an oxygen 
atom or a nitrogen atom) fomned when Rc and Rd are taken together include a benzene structure, a naphthalene 
structure, a cyclohexane s:ructure, a norbornene structure, and an oxabicycio structure. 

[0176] The sulfonium compounds or iodonium compounds represented by the general formulae (Al) to (Alll), which 
are used in the invention, contain an anion (-COO*) derived from the carboxyl group (-COOH) of at least one compound 
of the carboxylic acid compounds represented by the foregoing fomnulae (CI ) to (C10). as the counter anion X". 
[0177] The compounds represented by the general formulae (AlV) to (AV). which are used in the invention, contain 
a substituent as an ester group (-COO-) derived from the carboxyl group (-COOH) of at least one compound of the 
carboxylic acid compounds represented by the foregoing formulae (CI) to (C10) , as the substituents and Xs- 
[01 78] Examples of the linear, branched or cyclic alkyl group having from 1 to 30 carbon atoms (the chain of the alkyl 
group may contain an oxygen atom or a nitrogen atom), which is represented by R^q, include methyl, ethyl propyl 
butyl, pentyl. hexyl, cyclohexyl. dodecyl. 1-ethoxyethyl, and adamantyl. 
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[0179] Examples of the linear branched or cyclic alkenyl group having from 1 to 20 carbon atoms, which is repre- 
sented by R333. Include ethenyl, propenyL isopropenyl, and cyclohexene. 

[0180] Examples of the linear branched or cyclic alkynyl group having from 1 to 20 carbon atoms, which Is repre- 
sented by R338. include acetylene and propenylene. 
5 [0181] Examples of the linear branched or cyclic alkoxy group having from 1 to 20 carbon atoms, which Is represented 
by R338' include methoxy, ethoxy, propyloxy, butoxy, cyclohexyloxy, isobutoxy, and dodecyloxy. 
[0182] Examples of the substituted or unsubstituted aryl group having from 6 to 20 carbon atoms, which is repre- 
sented by R338, include phenyl, naphthyl, and anthranyl. 

[01 83] Examples of the s jbstituent on the aryl group include an alkyi group, a nitro group, a hydroxyl group, an alkoxy 
10 group, an acyl group, an aikoxycarbonyl group, and a halogen atom. 

[01 84] Examples of the linear, branched or cyclic alkylene group having from 1 to 20 carbon atoms (the chain of the 
aikylene group may contain an oxygen atom or a nitrogen atom), which is represented by R339, include methylene, 
ethylene, propylene, butylene, isobutylene, ethoxyethylene. and cyclohexylene. 

[0185] Examples of the linear branched or cyclic alkeny ene group having from 1 to 20 carbon atoms, which is 
15 represented by R339, include vinylene and aliylene. 

[0186] Specific examples will be given below, but it shoulc not be construed that the Invention is limited thereto. 
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[0187] The foregoing photo acid generator, i.e., the compounds represented by the general formulae (Al), (All) and 
(AIM), can be synthesized by the method as described in U.S. Patent No. 3.734,928. or the methods as described in 
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Macromolecules, Vol. 10. 1307 (1977). Journaiof Organic Chemistry, Vol. 55, 4222 (1990), and J. Radiat Curing Vol. 
5(1), 2 (1978) and further by exchange with a counter anion. The compounds represented by the general forrr.ulae 
(Al V) and (AV) are obtained by reacting an N-hydroxyimide compound and a carboxylic chloride under basic condit ons, 
or by reacting nitrobenzyl alcohol and a carboxylic chloride under basic conditions. 
5 [01 88] A weight ratio of the component (B1 ) to the component (D2) to be added is usually from 1/1 to 50/1 , prefe-ably 
from 1/1 to 10/1, and particularly preferably from 2/1 to 5/1 . 

[0189] A total sum of the component (B1) and the component (B2) is usually in the range of from 0.5 to 20 °o by 
weight, pre'erably from 0.75 to 15 % by weight, and more preferably from 1 to 1 0 by weight on a base of the total solids 
of the composition. 

10 [01 90] Each of the component (81 ) and the component (82) may be contained in admixture of two or more thereof. 

[3] Solvent (component (C)): 

[01 91 ] The composition according to the invention is dissolved in a solvent that can dissolve the foregoing respective 
^5 components therein and then applied onto a support. As the solvent that is used are preferable 1 -methoxy-2-propanol 
acetate (propylene glycol monomethyl ether acetate), 1-methoxy-2-propanol (propylene glycol monomethy ether), 
ethylene dichloride, cyciohexanone, cyclopentanone, 2-heptanone, y-butyrolactone. methyl ethyl ketone, ethylene gly- 
col monomethyl ether, ethylene glycol monoethyl ether, 2-methoxyethyl ether, ethylene glycol monoethyl ether acetate, 
propylene glycol monomethyl ether propylene glycol monoethyl ether propylene glycol monomethyl ether acetate, 
20 toluene, ethyl acetate, methyl lactate, ethyl lactate, methyl methoxypropicnate, ethyl ethoxypropionate, methyl pyru- 
vate, ethyl pyruvate, propyl pyruvate, N,N-dimethylformamide, dimethyl sulfoxide. N- methylpyrrolidone, and tetrahy- 
drofurar. with 1 -methoxy-2-propanol acetate and 1 -methoxy-2-propanol being particularly prefen-ed. These solvents 
may be used singly or in admixture of two or more thereof. When the solvent is a mixed solvent, ones conta ning 
1 -mGthoxy-2-propanol acetate or ones containing 1 •mcthoxy-2-propnaol are preferred. 

25 

[4] Surfactant (component (D)) : 

[0192] It is preferred that the photosensitive resin composition according to the invention contains a surfactant, par- 
ticularly a f uo-ine-based and/or silicon-based surfactant. That is. the photosensitive resin composition according to 
30 the inventicn can contain any one of fluorine-based surfactants, silicon-based surfactants, and surfactants ccnta ning 
both a fiuor ne atom and a silicon atom), or two or more thereof. The addition of the fluorine-based and/or silicon-based 
surfactant can give rise to effects to inhibit the development defect and to enhance the coating properties. Also, it gives 
rise to an er'ect to enhance the sensitivity and contrast. 

[0193] As the surfactant can be enumerated the surfactants disclosed in JP-A-62-36663, J P-A-61 -226745. wP-A- 
35 61-226745. JP-A-62-1 70950, JP-A-63-34540, JP-A-7-2301 65, JP-A-8-62834, JP-A-9-54432, JP-A-9-5988, and U.S. 
Patent Nos 5.405,720. 5.360, 692, 5,529,881 , 5.296,330, 5,436,098, 5,576,143, 5.293.143, 5,294,511 and 5.824.451 . 
Further the following commercially available surfactants can also be used as they stand. 

[0194] Examples of the commercially available surfactants that can be used include fluorine-based surfactants or 
silicon-based surfactants, such as Eftop EF301 , Eftop EF303 and Eftop EF352 (all being produced by Shin Akrta Kasei 

^0 Co.. Ltd.): Fiuorad FC430 and Fluorad FC431 (all being produced by Sumitomo 3M Limited) ; Megafac F1 71 , Megafac 
F173. Megafac F176. Negafac F189 and Megafac R08 (all being produced by Dainippon Ink and Chemicals. Incorpo- 
rated): Asahi Guard AG710, Surflon S-382, Surflon SC101/ Surflon SC102, Surfion SCI 03, Surflon SCI 04. Surflon 
SCI 05 anc Surflon SCI 06 (all being produced by Asahi Glass Co., Ltd.); and Troy Sol S-366 (produced by Troy 
Chemical Industries. Inc.). Further, a polysiloxane polymer, KP-341 (produced by Shin-Etsu Chemical Co.. Ltd.) can 

^5 also be used as the silicon-based surfactant. 

[0195] Furthermore, the surfactants also include, in addition to known ones as shown above, surfactants where 
polymers with fluoroaliphatic groups that are derived from fluoroaliphalic compounds produced according to the tel- 
omerization process (also referred to as the telomer process) or the oligomerization process (also referred to as the 
oligomer process) are used. The fluoroaliphatic compounds can be synthesized according to the process described 

50 jn Jp.A-2002-90991. 

[0196] The polymers with fluoroaliphatic groups preferably are copolymers of monomers with the fluoroaliphatic 
groups and (poly(oxyalkylene)) acrylates and/or (poly (oxyalkylene)) methacrylates, and those having irregular cistri- 
butions anc those having undergone block copolymerization also are used. The poly(oxya!kylene) groups include poly 
(oxyethylere) groups, poly(oxypropylene) groups, poly{oxybutylene) groups, and the like, and units containing alkylene 
55 groups having chains different in length within a chain identical in length such as poly(oxyethylene-oxyprcpylene- 
oxyethylene) block linking groups and poly (oxyethylene-oxy propylene) block linking groups also are used. Further- 
more, in addition to binary copolymers of monomers with a fluoroaliphatic groups and (poly(oxyalkylene)) acrylates (or 
methacryla:es), ternary or more copolymers prepared by copolymerizing simultaneously monomers with two or more 
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rUlVT """'^^"P'^^"^ 9^°"P^ °' t'^o °^ •^o'-e different (poly(oxyalkylene)) acrylates (or methacrylates) also are used 
(0197] As commercially available surfactants, there are. for example, Megafac F178 F-470 F-473 F-475 F 47fi 
and F-472 (manufactured by Dainippon Ink and Chemicals, Inc.). Furthermore, the surfactants 'include copolymers of 

CeF.a group-conta.ning aco'lates (or methacr/lates) and (poly (oxyalkylene)) acrylates (or methacrylates) . copolymers 

of C6F,3 group-containmg acn^lates (or methacrylates). (poly(oxyethylene)) acrylates (or methacrylates). and (poly 
oxypropylene)) acrylates (or methacrylates). copolymers of CgF,, group-containing acrylates (or methacrylates and 
po y oxya .<ylene) acrylates or methacrylates). copolymers of CaF,, group-contaln,ng acrylates (or methacrylates) 
n^Sl?'^! ' ^ " ' methacrylates), and (poly(oxypropylene)) acrylates (or methacorlates). and the like 

01 98] A compoundmg amount of the sur.'actant is usually from 0 . 001 to 2 % by weight, and preferably from 0 01 

to 1 ,^ by weight on a basis of the solids content of the composition according to the invention. These surfacta.nts may 

be added singly or in admixture of two or more thereof. 

[5) Acid diffusion inhibitor (E): 

[0199] It is prefen-ed to add an acid diffusion Inhibitor forthe purposes of preventing the lapsing changes in perform- 
ances (sucn as formation of T-top shape of pattern, change In sensitivity, and change in line width of panern) after 
irradiation with one of an actlnte ray and a radiation until the heating treatment, the lapsing change in perfomnance 
after coating, and the excessive diffusion of the acid (deterioration of resolution) during the heat treatment after irradi- 
ation with one of an aclinic ray and a radiation. As the acid diffusion inhibitor are preferably used organic basic com- 
^l^^ "ifogen-containing organic basic compounds, having a pKa value of conjugate acid of 4 or more 

[0200] SpecifKjally. structures represented by the following fomnulae (A) to (E) can be enumerated 



r250_j|_j^252 ^^^^ 
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10201] In the fomiulae. R250. r251 , and R252, which may be the same or different, each represents a hydrogen atom. 
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an alkyi group having from 1 to 20 carbon atoms, an aminoalkyi group having from 1 to 20 carbon atoms, a hydroxyalkyi 
group having from 1 :o 20 carbon atoms, or a substituted or unsubstituted ary! group having from 6 to 20 carbon atoms; 
R251 and R252 may be taken together to form a ring; and R253. R254 p255^ and R256 which may be the same or different, 
each represents an alkyl group having from 1 to 6 carbon atoms. 

5 [0202] Nitrogen-containing basic compounds having two or more nitrogen atoms having a different chemical envi- 
ronment in one molecule are more preferred, and compounds having both of a substituted or unsubstituted amino 
group and a nitrogen-containing ring structure or compounds having an alkylamino group are particularly preferred. 
[0203] Preferred specific examples include substituted or unsubstituted guanldines, substituted or unsubstituted aml- 
nopyridines, substituted or unsubstituted aminoalkylpyridines, substituted or unsubstituted amincpyrrolidines. substi- 

10 tuted or unsubstituted indazoles, substituted or unsubstituted imidazoles, substituted or unsubstituted pyrazoles, sub- 
stituted or unsubstitutec pyrazines. substituted or unsubstituted pyrimidines, substituted or unsubstituted purines, sub- 
stituted or unsubstituted imidazolines, substituted or unsubstituted pyrazolines,- substituted or unsubstituted pipera- 
zines, substitutec or unsubstituted aminomorpholines, and substituted or unsubstituted aminoalkylmorpholines. Pre- 
ferred examples of tie substituent include an amino group, an aminoalkyi group, an alkylamino group, an aninoaryl 

T5 group, an arylamino group, an alkyl group, an alkoxy group, an acyl group, an acyloxy group, an aryl group, an aryloxy 
group, a nitro group, a hydroxyl group, and a cyano group. 

[0204] Especially pre'erred compounds are guanidine, 1 , 1 -dimethylguanidine, 1,1.3, 3-tetramethylguanidine. imi- 
dazole, 2-methylimic:azole, 4-methylimidazole. N-methyllmidazole, 2-phenylimidazole, 4.5-diphenylimidazole, 
2,4,5-lriphenylimidazole. 2-aminopyridine, 3-aminopyridine/4-aminopyridine, 2-dimethyIaminopyridine, 4-dime:hylami- 

20 nopyridine. 2-diethyiamlnopyridine. 2-(aminomethyl)pyridine, 2-amlno-3-methylpyridine, 2-amino-4-methylpyridine, 
2-amino-5-methy pyridine. 2-amino-3-methylpyridine, 3-aminoethylpyridine, 4-aminoethylpyridine. 3-amlnopyrr-olidine, 
piperazine. N-(2-aminoethyl)piperazine. N-(2-aminoethyl)piperidine, 4-amino-2,2/6/6-tetramethylpiperidine. 4-piperid- 
inopipendine. 2-iminopioeridine, 1 -(2-aminoethyl)pyrrolidlne, pyrazole, 3-amino-5-methylpyrazole. 5-amino-3-methyl- 
1 -p-tolybyrazolo. pyrazine. 2-(aminomethyl)-5-methylpyrazine, pyrimidine, 2,4-diaminopyrimidine. 4,6-dihydropyrimi- 

25 dine, 2-pyrazoline. G-pyrazoline, and N-aminomorpholine. However it should not be construed that the invention is 
limited thereto. 

[0205] These nitrogen-containing basic compounds may be used singly or in admixture of two or more thereof. 
[0206] A proportion o" the acid generator to the organic basic compound to be used in the composition is preferably 
from 2.5 to 300 in terms of molar ratio. When the molar ratio Is less than 2.5, the sensitive is low so that the resolving 
30 power may possibly oe owered. On the other hand, when it exceeds 300, the thickness of the resist pattern is too thick 
by the lapsing change after the exposure until the heating treatment, so that the resolving power may possibly be 
lowered The molar ratio of the acid generator to the organic basic compound is preferably from 5.0 to 200. and more 
preferably from 7 0 to 150. 

35 [6] Non-polymer type dissolution inhibitor (X) : 

[0207] It is preferred that the photosensitive resin composition according to the invention further contains a non- 
polymer type dissolution inhibitor (X). The non-polymer type dissolution inhibitor as referred to herein means a com- 
pound having a molecular weight of 3. 000 or less and having at least two acid-decomposable groups, whose solubility 
■*o in an alkaline developing liquid increases by the action of an acid. Especially, those in which a fluorine atom is substituted 
on the mother nucleus are preferred from the standpoint of transparency. 

[0208] An addition amount of the non-polymer type dissolution inhibitor as the component (X) is preferably from 3 
to 50 % by weight, more preferably from 5 to 40 % by weight, and most preferably from 7 to 30 % by weight to the 
polymer in the composi'.ion. The addition of the component (X) further enhances the sensitivity and contrast. 
45 [0209] Specific examples of the component (X) will be given below, but it should not be construed that the invention 
is limited thereto. 
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[7] Amphoteric ion compound (Y): 

[0210] It is preferred that the photosensitive resin composition according to the Invention further contains an ampho- 
e-ic ion compound (Y). The amphoteric Ion compound as referred to herein means a compound simultaneously con- 
ta nirg a cation moiety and an anion moiety in one molecule. Specific examples Include amphoteric Ions of an amino 
acd such as alanine, phenylalanine, asparagine, glycine, and valine. However, it should not be construed that the 
invention is limited thereto. 

[0211] An addition amount of the amphoteric Ion compound as the component (Y) is preferably from 3 to 70 mo e 
.o. more preferably from 5 to 50 mole %, and most preferably from 7 to 40 mole % to the component (B1 ) Tne addition 
of the component (Y) further enhances the sensitivity and contrast. 

[0212] In the manufacture of large-scale integrated circuit elements, the pattern formation on the resist film is carried 
OLt in the following manner. That is, the photosensitive resin composition according to the Invention Is applied on a 
SLbstrate (examples include transparent substrates silicon/silicon dioxide coating films, glass substrates ard ITO sub- 
strates) and then irradiated using actinic rays or a radiation-drawing device, followed by heating, development rinsing 
and drying. Thus, a good resist pattern can be formed. r- • » 

[0213] As a developing liquid of the photosensitive resin composition according to the invention can be used alkaline 
acueous solutions such as inorganic alkalis (such as sodium hydroxide, potassium hydroxide, sodium carbonate so- 
dium silicate, sodium metasilicate, and ammonia water), primary amines (such as ethylamine and n-prcpylamide) 
secondary amines (such as diethylamine and di-n-butylamine). tertiary amines (such as triethylamine and methyldi- 
etnylamine), alconolamines (such as dimethyl-ethanolamine and triethanolamine). quaternary ammonium salts (such 
as tetramethylammonium hydroxide, tetraethylatninonium hydroxide, and choline), and cyclic amines (such as pyrrole 
and pipendme). In addition, proper amounts of alcohols (such as Isopropyl alcohol) and surfactants (such as nonionic 
surfactants) may be added to the alkaline aqueous solution, 

[0214] Among these developing liquids are preferable quaternary ammonium salts, especially tetramethylammonium 
hydroxide and choline. 7 jr u 

[021 5] The invention will be described below in detail with reference to the Examples, but It should not be construed 
that the invention is limited thereto. 
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Synthesis Examples 
(1) Synthesis of Intermediate (M-1) : 
5 [0216] 



I 



10 




15 

[021 7] Fuming sulfuric acid (60 g) and 55.84 g (0.22 moles) of Iodine were mixed, to which was then added dropwise 
82.03 g (0.2 moles) of 1 .3-bis-(2-hydroxyhexafluorolsopropyl) benzene over one hour while heating at 60 °C with 
stirring. After the dropwise addition, the mixture was stirred for an additional 3 hours, neutralized with an aqueous 
20 sodium hydroxide solution, and then extracted with ethyl acetate. The organic layer was dehydrated over 30 g of 
magnesium sulfate, and the solvent was distillec off. Thereafter the product was purified by silica gel column chroma- 
tography to obtain 50.71 g (yield: 43 %) of an intermediate (M-1). 

(2) Synthesis of intermediate (M-2-7): 

25 

[0218] 



30 



35 




[0219] In 80 g of N,N-dimethylacetamlde was dissolved 53.61 g (0.1 moles) of the intermediate (M-1 ), to which were 
then added 4.4 g (0.11 moles) of sodium hydroxide and 19.32 g (0.24 moles) of chloromethyl-methyl ether and the 
40 mixture was heated at 100 °C and stirred for 3 hours. After returning the temperature to room temperature, the reaction 
mixture was neutralized with an squeous 0.1N HCI solution, and then rinsed and extracted with ethyl acetate-water 
The organic layer was dehydrated over 20 g of anhydrous sodium sulfate, and the solvent was distilled off. Thereafter- 
the product was purified by silica gel column chromatography to obtain 48.68 g (yield: 78 %) of an Intermediate (M-2-''). 

■*5 (3) Synthesis (1) of monomer (ll)-7: 

[0220] In 50 g of dehydrated tetrahydrofuran was dissolved 31 .2 g (0.05 moles) of the intemnediate (M-2-7), and the 
system was purged with nitrogen. To the intermediate (H-2-7) were added 5 mole % of nickel (II) chloride and 10 mole 
% 2 of triphenylphosphine, and the mixture was stirred, to which was then added 50 mL of vinyl magnesium bromide 
so (a 1 .0 M tetrahydrofuran solution) . The mixture was heated at 60 and stirred for 4 hours. After returning the tem- 
perature to room temperature, the reaction mixture was rinsed and extracted with ethyl acetate-water The organic 
layer was dehydrated over 20 g of anhydrous sodium sulfate, and the solvent was distilled off. Thereafter, the product 
was purified by silica gel column chromatography to obtain 17.30 g (yield; 66 %) of a monomer (ll)-7. 

55 



95 



BNSDOCID: <EP 1341038A2J_> 



(4) Syntnesis of intermediate (M-3-7): 
[0221] 



EP 1 341 038 A2 



13 



20 



[0222] In a dried reactor was charged 1 .22 g (0.05 moles) of magnesium (in a flaky state) . and the system was 

Therea^^er. 31.2 g (0.05 moles) of the intermediate (IW-2a) and 50 g of dehydrated tetrahydrofuran were q^aduallv 
added dropwise to the mixture. After the dropwise addition, the mixture was sired until the heat gen era'on stopped 
Thereafter a solution o" 6.S0 g (0.15 moles) of acetaldehyde in 20 g of dehydrated tetrahydrofuran was add^d To the 
reaction mixture, and the mixture was stirred for 2 hours. Thereafter, the Lction mixture was neutrllfzed t m an 
aqueous saturated amnonium chloride solution and extracted with ethyl acetate-water. The organic layer was Jehy 

(5) Syntnesis (2) of monomer (ll)-7: 

30 ^° ^ Of tetrahydrofuran was dissolved 20.61 g (0.03 moles) of the intermediate (M-3-7). to which were then 

fn n! ' °' ^ ^ P-toluenesulfonic chloride in 15 g of tetrahydrofuran and 4 ^5 g 

(0^04 molesl of tnethylamine. After the dropwise addition, the mixture was stirred for2 hours to wLh were than added 
0.1 g of o-methoxyphenol and 9.13 g (0.06 moles) of 1,8-dlazabicyclo[5.4.0)undeca.7-en (DBuTTndThTm^ture w^^ 
heated at 60 and stirred for one hour. Thereafter, the reaction mixture was neutralized with an aqueouTo 1 N hc? 
solution, tne salt was filtered off. and the residue was extracted with ethyl acetate-water. The organic laye was cehy 

mo^omer ( I) 7.^ ^""^ ^''"'"^ °" '° ^'^'^ (yield 57 %) a 

(6) Syntnesis of monomer : 

!?73l m"n™L?°f'rH °" °' »^t^«hydro-furan/methanol/aqueous 0.1 N HCI solution (2/2/1 by weight) was dissolved 
1 5.73 g 0.03 moles) of the monomer {ll)-7, and the solution was stirred at room temperature for one hour Thereafter 

TJTT" , "'Tl!"'' ^" ^^'^'"^ -'^'^-'^ted With ethyl acSte- 

:2"r; g"yirs';x^^^^ " ^ " ^^^-^^'--^ - - 

(7) Synthesis of monomer (II) -3: 

^°J!f!J,J?- tetrahydrofuran was dissolved in 43.62 g (0.1 moles) of the monomer (li)-l/ to which were then 

Saeooi'lesw 

fh. ^ Of di-t-butyl dicarbonate was added dropwise to the reaction mixture. After the dropwise add tion 

o 1 M Hri'^ ' !? . ^ ■^•^«^««««^' the reaction mixture was neutralized wrth an aqueous 

a IN HCI solutK,n, and rinsed and extracted with ethyl acetate-water The organic layer was dehydrated over 20 g of 
oJSS'S Th «o solvent was distilled off, and the product was purified by silica gelchromatography to 

Obtain 56.64 g (yield: 89 %) Of a monomer (ll)-3. y k y 

Sn l7!!!'rT.^'^'!!fl °''T^'^ '^^'"'^'"^ "^"^^ ^^^^^P^ ^^^^^ acetic anhydride was 

was chanld ^ 1 f carbonate and that the addition amount of each of the reactants to the monomer (Il)-1 

was changed to a half amount. ^ ' 

[0227] A monomer (ll)-1 3 was obtained by carrying out the same reaction as in (2). except that the monomer (ll)-1 
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was used in place of the intermediate (M-1). t-butyl bromoacetate was used In place of the chloromethyl-methyl ether, 
and that the addition amount of each of the reactants to the monomer (ll)-1 was changed to a half amount. 
[0228] A monomer (ll)-29 was obtained by carrying out the same reaction as in (2), except that the monomer 
was used in place of the intermediate (M-1 ) and that chloromethyl-ethyl ether was used in place of the chloromethyl- 
5 methyl ether. 

[0229] The monomers having the repeating units of the Invention can be synthesized In the same methods as de- 
scribed above. 

(8) Synthesis of polymer (:): 

10 

[0230] In 70 g of tetrahydrofuran were dissolved 43.62 g (0.1 moles) of the monomer (ll)-l and 28.84 g (0.15 moles) 
of 4-(1 -ethoxyethoxy)styrene (made by Tosoh Corporation), and the reaction system was purged with nitrogen. To the 
solution was added 0.99 g (0.006 moles) of AIBN as a polymerization initiator and the mixture was heated at 65 =C 
for 8 hours while making n.trogen flow nto the reaction system. Thereafter, the temperature was cooled to room tem- 

15 perature, and the reaction mixture was added dropv/ise to 1 . 5 L of hexane. A solid was taken out by filtration and dried 
in vacuo at 100 °C to obtain 34.78 g (yield: 48 %) of a powder. As a result of measurement by gel penneation chro- 
matography (GPC), the resulting powder was found to have a weight average molecular weight of 1 4,500 and a degree 
of distribution of 1 .43. Further the '•^C-NMR analysis revealed that the powder had a composition ratio of the monomer 
(ll)-1 to 4-(1 -e:hoxyethoxy;styrene of 38/62. 

20 [0231] Polymers (2) to (31) were obtained In the same manner except for changing the monomer to be added. 
Monomer composition, composition ratio, weight average molecular weight and degree of distribution of each polymer 
were indicated in Table 1 . 

(9) Synthesis of polymer ("1-2): 

25 

[0232] In 50 g of tetrahydrofuran were dissolved with stirring 23.72 g of the polymer (7) [a copolymer having a com- 
position ratio of the monomer (ll)-1 lo the monomer (A-19) of 41/59] and 8.61 g of 4-dimethylaminopyridine, to which 
was then added dropwise 15.37 g of di-t-butyl dicarbonate while cooling to 0 **C. After the dropwise addition, the mixture 
was further stiTed at room temperature for 3 hours. Thereafter, the reaction mixture was neutralized with an aqueous 

30 0.1 N HCl so!u:ion and extracted with ethyl acetate-water The organic layer was dehydrated over 10 g of anhydrous 
sodium sulfate and filtered, and the resulting solution was added dropwise to 1 .5 L of hexane. A solid was taken out 
by filtration and dried in vacuo at 100 =C to obtain 13.26 g (yield: 43 %) of a powder As a result of measurement by 
gel permeation chromatography (GPC). the resulting powder was found to have a weight average molecular weight of 
15, 900 and a degree of distribution of 1 .48. Further the "'H-NMR and i^C-NMR analyses revealed that the powder 

35 had a protection rate of OH of 51 .3 %. 

[0233] By protecting OH after the polymerization in this manner, the resins of the Invention could also be synthesized. 

Examples 

40 Example 1 : 

<Measurement of transmittance> 

[0234] In 8.5 g of propylene glycol monomethyl ether acetate was dissolved 1 .36 g of each of the polymers (1 ) to 
45 (31), and the solution was filtered by a 0.1 -iim Teflon-made filter and applied on a potassium fluoride disk by a spin 
coater, followed by drying under heating at 120 **C for 5 minutes to obtain a film having a film thickness of 0.1 iim. The 
resulting coating film was measured for absorption by an Aclon CAMS-507 spectrometer, from which was then calcu- 
lated a transmittance at 157 nm. The results obtained are shown In Table 1 . 

50 <Evaluation of coating properties> 

[0235] In 19.6 g of propylene glycol monomethyl ether acetate were dissolved 1 .2 g of each of the polymers (1) to 
(31) and 0.024 g of triphenylsulfonium nonafluorobutanesulfonate, and the solution was filtered by a 0.1 -{xm Teflon- 
made filter 

55 [0236] Each of the photosensitive compositions was applied on a hexamethyl disilazane-processed silicone wafer 
by a spin coater and evaluated In terms of coating properties. A film thickness was measured In any five points In the 
wafer using interference-type thickness meter, and in the value of a film thickness measured in any five points, the 
difference (nm) between the maximum value thereof and the minimum value thereof was evaluated as coating prop- 
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erties. The smaller the difference is. the better coating properties are. The results obtained are shown in Table 1. 
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Comparative polymer (1) 
[0237] 




Comparative polymer (2): 
[0238] 





[0239] It can be understood that the coating f Ims using the composition according to the invention have sufficient 
transparency at 157 nn-.. Further, it can be understood that the polynner having OH protected after the polymerization 
has sufficient transparency at 157 nm. too. 

[0240] Moreover, it can be understood from the foregoing results that the compositions using the resin of the invention 
exhibit good coating properties. Further it can be understood that the polymer having OH protected after the polym- 
erization exhibits good coating properties, too. 

<Evaluation of image-fpmiing properties> 

40 [0241] In 1 9.6 g of propylene glycol monomethyl ether acetate were dissolved 1 .2 g of each of the polymers (1 ) to 
(31) and 0.024 g of tripienylsulfonium nonafluorobutanesulfonate. and optionally. 0.24 g of the inhibitor (X) 0 006 q 
of the component (B1 ) and 0.01 g of the amphoteric ion compound (Y), and the solution was filtered by a 0 1 -^im Teflon- 
made filter. Each of the photosensitive compositions was applied on a hexamethyl disilazane-processed silicone wafer 
by a spin coater. and the wafer was dried under heating at 120 =C for 60 seconds to form a resist film of 0 1 irni The 
resist film was evaluated in the sensitivity and dissolution contrast of exposed areas and unexposed areas by using 
an exposure system of laserbeams of 157 nm and cissolution behavior analyzer. VUVES-4500 (manufactured bv Litho 
Tech Japan Corporation). 

10242] The sensitivity as referred to herein means a minimum exposure amount at which the film thickness becomes 
zero when the exposed wafer is dried under heating at 130 °C for 90 seconds, developed at 23 "C for 60 seconds 
using an aqueous 2.38 weight % tetramethylammonium hydroxide solution, rinsed with pure water for 30 seconds 
dried, and then measured for the film thickness. 

[0243] Further, the contrast as referred to herein means an inclination (tan 6) of the exposure amount - dissolution 
rate curve. 



[0244] The results obtained are shov/n in Table 2. 
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Table 2 



5 


Example 


Polymer 


Inhibitor 
(X) 


Component 
(B2) 


Amphoteric ion 
compound 


Sensitivity (mJ/ 
cm2) 


Contrast 




(J-1) 


(1) 








2.3 


6.2 




(J-2) 


(1) 


(X-1) 






1 .9 




10 


(J-3) 


(2) 








2.6 


o .o 




(J-4) 


(2) 


(X-1) 






2.0 






(J-5) 


(2) 




(PAG4-1) 




2.1 


6 8 




(J-6) 


(2) 








2.2 


vj .o 


15 


(J-7) 


(3) 








2.8 


u .o 




(J-8) 


(3) 


(X-1) 






2.1 


o.o 




(J-9) 


(3) 




(PAG4-34) 




2.2 


6.7 


20 


(J-10) 


(3) 






^Y-1^ 


2.1 


6 8 




(J-11) 


(4) 








2.1 


6.5 




(J-1 2) 


(5) 








2.4 


6.8 


25 


(J-1 3) 


(6) 








2.7 




(J-1 4) 


(7) 








2.3 


7 




(J-1 5) 


(8) 








2.1 


fi P 




(J-1 6) 


(9) 








2.9 






(J-1 7) 


(10) 








2.3 


6.0 




(J-1 8) 


(11) 








2-5 


6 3 




(J-1 8-2) 


(11-2) 








2.4 


6.4 


35 


(J-1 9) 


(12) 








2.6 


5.8 


(J-20) 


(13) 








2.7 


5.9 




(J-21) 


(14) 








1 .9 






(J-22) 


(15) 








1 .7 


a .*+ 


40 


(J-23) 


(16) 








2.6 


fi 7 




(J-24) 


(17) 








2,3 


fi P 




(J-25) 


(18) 








2.1 


o . o 




(J-26) 


(19) 








2.8 


u .o 


45 


(J-27) 


(20) 










R 1 

O. 1 




(J-28) 


(21) 








2.1 


6.9 




(J-29) 


(22) 








2.7 


6.5 


50 


(J-30) 


(23) 








1 .8 


\J • o 




(J-SI) 


(24) 








1.7 


6.4 




(J-32) 


(25) 








2.3 


6.6 


55 


(J-33) 


(26) 








2.7 


6.5 


(J-34) 


(27) 








2.4 


6.3 




(J-35) 


(28) 








2.5 


6.7 
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Table 2 (continued) 



Example 


Polymer 


Inhibitor 
(X) 


Component 
(B2) 


Amphoteric ion 
compound 
(Y) 


Sensitivitv (m.l/ 
cm^) 


oonirast 










- 


2.3 


6.2 


/ |_07\ 










2.6 


6.0 


(J-37-2) 


(30-2) '2 


- 


- 




2.5 


6.7 


(j-ooj 


(31) 








2.3 


6.6 


(Jh-1) 


Comparative 








8.5 


5.2 


(Jh-2) 


Comparative 
polymer (2) 








5.3 


5.3 
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[0245] It can be understood that the compositions of the invention have good sensitivity and contrast to the exposure 
at 157 nm. Further it can be understood from Example J-18-2 that the polymer having OH protected after the polym- 
erization exhibits good sensitivity and contrast, too Moreover, ft can be understood from the comparison between J- 
1 and J-2.. the comparison between J-3 and J-4, the comparison between J-3 and J-5. the comparison between J-3 
and J-6, the comparison between J.7 and J-8, the conparison between J-7 and J-g. and the comparison between J- 
7 and J-1 0 that when the Inhibitor (X), the component (B2). or the amphoteric ion compound (Y) is added, the sensitivity 
or the contrast, or both are more enhanced. Further i: can be understood from the comparison between J-37 and J- 
37-2 that when the proportion of resins having a weignt average molecular weight of 1 ,000 or less is decreased the 
contrast is more enhanced. If the contrast Is high, the high resolution can be expected. It Is estimated that these effects 
are related to the mutual action among the polar groups of the polymer or the mutual action between the polar groups 
of the polymer and the additives, and the change, of distribution of the acid generator within the film caused by these 
actions. 

<Evaluation (2) of coating properties and image-fomiing properties> 

[0246] Solutions prepared by further adding 0.006 g of the component (B2) to each of the same fonnulations as 
described above were prepared, and then evaluated for the coating properties and image-forming properties in the 
same manner 

[0247] The results obtained are shown in Table 3. 
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Table 3 



5 


Example 


Polymer 


Component 
(B2) 


Coating properties 
inm) 


Sensitivity 
(mJ/cm2) 


Contrast 




(J-V) 


(1) 


(PAG4-1) 


2.7 


2.3 


7.5 




(J-2') 


(2) 


(PAG4-1) 


2.6 


2.0 


6.8 




(J-3') 


(3) 


(PAG4-34) 


2.8 


2.2 


6.7 


10 


{J-4') 


(4) 


(PAG4-34) 


2.5 


2.1 


7.0 




(J-5') 


(5) 


(PAG4-35) 


2.6 


2.4 


7.2 




(J-6') 


(5) 




2.6 


2.7 


6.8 


15 


(J-7') 


(7) 




2.5 


2.3 


6.9 


(J-8') 


(8) 


((l-49f) 


2.8 


2.1 


6.7 




(J-9') 


(9) 


(III-3f) 


2.7 


2.9 


7.4 




(J-1 0') 


(10) 


(PAG4-34) 


2.4 


2.3 


6.7 


20 


(j-ir) 


(11) 


(PAG4-35) 


2.6 


2.5 


6.9 




iJ-11'-2) 


(11-2) 


(PAG4-35) 


2.7 


2.4 


6.7 






(12) 


(PAG4-1) 


2.8 


2.6 


6.5 


25 


(J-1 3') 


(13) 


(PAG4-34) 


2.6 


2.7 


6.6 


(J-1 4') 


n4) 


(Il-4f) 


2.6 


1 .9 


6,9 




(J-1 5') 


(15) 


(PAG4-35) 


2.5 


1 .7 


6.9 




(J-1 6') 


(16) 


(11-40 


2.7 


2.6 


7.2 


30 


(J-1 7') 


(17) 


(PAG4-34) 


2.8 


2.3 


7.0 




(J-1 8') 


(18) 


(ll-49f) 


2.7 


2.1 


7.3 




(J-1 9') 


(19) 


(lll-3f) 


2.5 


2.8 


6.7 


35 


(J-20') 


(20) 




2,7 


2.6 


6.5 




(j-2r) 


(21) 


(PAG4-35) 


2.6 


2.1 


7.5 




(J-22') 


(22) 


(PAG4-1) 


2.6 


2.7 


6.9 




(J-23') 


(23) 


(ll-49f) 


2.5 


1 .8 


7.3 


40 


(J -24') 


(24) 


(11-50 


2.7 


1 .7 


6.8 




(J -25') 


(25) 


(PAG4-1) 


2.7 


2.3 


7.1 




(J-26') 


(26) 


{PAG4-35) 


2.8 


2.7 


6.9 


45 


(J-27') 


(27) 


(ll-4f) 


2.7 


2.4 


6.8 




(J-28') 


(28) 


(PAG4-1) 


2.5 


2.5 


7.6 




(J-29') 


(29) 


(PAG4-34) 


2.5 


2.3 


6.7 




(J-30') 


(30) 


ll-4f) ' 


2.7 


2.6 


6.8 



50 



[0248] It can be understood from the foregoing results that when the component (B2) is further added, the coating 
properties and contrast are further enhanced. It Is estimated that these effects are related to the mutual action among, 
the polar groups of the polymer or the mutual action between the polar groups of the polymer and the component (B2), 
and the change of distribution of the acid generator within the film caused by these actions. 

55 
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Example 2: 

<Synthesis 2 of polymer> 

[0249] Polymers (32) to (40) having varied acid value, molecular weight, degree of distribution and amountof residual 
non-reacted monomers were obtamed under the same synthesis conditions as In the synthesis of the polymer (1 
except for using the monomers (li)-1. (||)-3 and (A-19) as the monomers and changing the amount of Initiator the 
ofTuiatfor ■ ' temperature, the heating tine, the amount of hexane during purification, and the number 

[0250] Table 4 shows the composition ratio, acid value, molecular weight, degree of distribution and amount of re- 
srdual non-reacted monomers of each of the polymers. ainuum ui re 

<Measurement of transmittance> 

I^IV^ J" ®^ ^ °^ propylene glycol monomethyl ether acetate was dissolved 1 .36 g of each of the polymers (32) to 
ioa ter "folLw^^L" 2" 'T^ ' ° Teflon-made filter and applied on a potassium fluoride Tk by a sp n 
coater, followed by drymg under heating at 1 20 'C for 5 minutes to obtain a film having a film thickness of 0 1 L The 
resulting coatmg f.lm was measured for absorption by an Acton CAMS-507 spectrometer, from which was then calcu- 
lated a transmittance at 157 nm. 
20 [0252] The results obtained are shown in Table 4. 
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[0253] As shown in Table 4, it can be understood that when the proportion of the residual non-reacted monomers is 
reduced: the transmittance is enhanced. 

50 

<Evaluation of coating properties> 

[0254] In 19.6 g of propylene glycol monomethyl ether acetate were dissolved 1 .2 g of each of the polymers (32) to 
(40) and 0.024 g of triphenylsulfonium nonafluorobutanesulfonate, and optionally, 1 00 ppm of Megafac F1 76 (a fluorine- 
55 based surfactant made by Dainippon Ink and Chemicals, Incorporated) or Megafac F-472 (a fluorine-based surfactant 
of telomer type made by Dainippon Ink and Chemicals, Incorporated), and the solution was filtered by a 0.1 -urn Teflon- 
made filter. 

[0255] Each of the photosensitive compositions was applied on a hexamethyl disilazane-processed silicone wafer 
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<Evaluatlon of image-forming propertjes> 

resls, w» e.a,u.,«. .ens,,iv,^ ano dSISc^l,';.^ e^.S';^^^^^^^^ ll^.^^:^ CL": 
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Example 


Polymer 


Surfactant 
(D) 


Coating properties 
(nm) 


Sensitivity 
(nJ/cm^) 


Contrast 


TM-1" 


(32) 




2.6 


2.8 


6.3 


TM-2" 


(33) 




2.7 


2.0 


6,7 


TM-3" 


(33) 


D-1 


2.8 


1.7 


6.9 


TM-4" 


(34) 




2.7 


1.9 


6.4 


TM-S" 


(34) 


D-1 


2.7 


1.5 


6.8 


TM 6" 


(35) 




2.5 


1.3 


5.4 


TM-7" 


(36) 




2.6 


4.3 


5.7 


TM-8" 


(37) 




2.6 


2.4 


5.8 




(38) 




2.8 


2.3 


6.8 


TM-10" 


(39) 




2.7 


2.1 


6.2 


TM-11" 


(40) 




2.6 


1.6 


6.9 


u-i: Megarac F176 
D-2: Megafac F-472 







TM ^KJ be understood from the comparison between TM-r and TIVI-2'. the comparison between TM-2" and 
™ t and ™ ''V ™-'"' '^^"^P^"^^" ™ 6", the comparison be Jen 

Ihon tZ J^'J; "^'^"^^ ^"'^ comparison between TM-10" and TM-ir that 

TeacLd mnnom^r^^ ^"'^^'^ ^^^^^^ °' distribution, and the amount of residual non- 

FurthS TJlnT H . ^--^^^g^'^ted. the coating properties, the sensitivity and the contrast are enhanced 
r„JSfol f be understood that the addition of the surfactant also enhances the coating properties the sensttSS, 
or fhl > K ''^'^ ^"^'^ -"^'"^^^ ••^^ ^'^t'^" «"^°"9 the polar groups of ^rpolymer 

I J^ SI I w rr '''^ °' ^"rf«^'«"t' the change of dist^toS ofThe 

acid generator within the film caused by these actions. luuuon oi me 

Example 3: 

[0260] In 1 9. 6 g of propylene glycol monomethyl ether acetate were dissolved 1 2 q of each of the oolvmpr n =,nH 
0.024 g Of triphenylsulfonlum nonaf.uorobutanesu«onate, and the solution was filtered by a 0 t-^S^m^^^^^ 
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to prepare a resist solution, 

[0261] A resist solution was prepared in the same manner as described above, except for changing the solvent to a 
mixed solvent of 1 3.07 g of propylene glycol monomethyl ether acetate (PGMEA) and 6.53 g of propylene glycol mon- 

omethyl ether (PGME). 

[0262] The number of particles in each of the resist solutions was measured using a particle counter made by Rion 
Co.. Ltd. Further, each of the resist compositions was applied on a hexamethyl disilazane-processed silicone wafer by 
a spin coater. and the wafer was dried under heating at 1 20 **C for 60 seconds to form a resist film of 0.1 Lim. The film 
was measurec for contact angle with an aqueous 2.38 weight % tetramethylammonium hydroxide solution. The results 
obtained are shown in Table 6. 

Table 6 



Polymer 


Solvent 


Number of particles 


Contact angle 
(degree) 


(10) 


PGMEA 


167 


63 


(10) 


PGMEA/PGME 


36 


41 



[0263] It can be understood from the foregoing results that when the solvent is changed to the mixed solvent, the 
number of particles can be reduced, and the contact angle of the developing liquid is reduced, whereby an enhancement 
of the developing properties can be expected. It is estimated that this effect is related to an affinity between the polar 
groups of the polymer and the solvent and the proportion of the residual solvent after the application and drying. 

Example 4: 

[0264] The content of metals of the polymer (34) was measured using ICP-MS. This polymer was treated with an 
ion-exchange resin to lower the metals. The polymer after lowering the metals is designated as polymer (34) -2. The 
content of metals of the polymer (34)-2 was measured in the same manner. 

[0265] In IS. 6 g of propylene glycol monomethyl ether acetate were dissolved 1 .2 g of each of the polymers (34) 
and (34)-2 and 0.024 g of triphenylsulfonium nonafluorobutanesulfonate, and the solution was filtered by a 0.1 -fim 
Teflon-made filter, to prepare a resist solution. The number of particles in each of the resist solutions was measured 
using a particle counter made by Rion Co., Ltd. 
[0266] The results obtained are shown in Table 7. 

Table 7 



Polymer 


Metal content 
Na (ppb) 


Metal content 
K (ppb) 


Metal content 
Ca (ppb) 


Metal content 
Fe (ppb) 


Metal content 
Mg (ppb) 


Number of 
particles 


(34) 


124 


136 


140 


112 


360 


253 


(34)-2 


25 


34 


47 


36 


41 


24 


*: The content of other metals than those as described in the table was 50 ppb or less in any of the polymers 

(34) and (34::-2. 
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[0267] It can be understood from the foregoing results that when the metal content of the polymer is lowered, the 
number of paricles in the solution is reduced. It is estimated that this effect is related to a mutual action between the 
polar groups cf the polymer and the metals. 

[0268] This application is based on Japanese patent application No. 2002-50031 filed on February 26. 2002, the 
entire content of which is incorporated herein by reference. 
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Claims 

1 . A photosensitive resin composition comprising: 



55 



(A) a ''esin containing (A1) a repeating unit having at least two groups represented by the following general 
fomnula (Z), 

wherein the resin is alkali-soluble^ or the resin is decomposed by the action of an acid to increase its solubility 
in an alkaline aqueous solution; and 
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(B) a compound capable of generating an add by the action with one of an actinic ray and a radiation: 



10 




(2) 



15 



20 



Wherein R^o to Rss each independently represents a hydrogen atom, a fluorine atom, or an optionally substituted 
alkyl group, provided that at least one of Rso to Rss represents a fluorine atom or an alkyi group in which at ea^ 
one hydrogen atom Is substituted with a fluorine atom; and R represents a hydrogen atom or an organt= group 

2. The photosensitive resin composition according to claim 1 , wherein the repeating unit (Al) is represented by the 
following general formula (1), (2) or (3) » v / h emeu oy ire 
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Wherein Q, represents an allcyclic hydrocarbon group; represents a single bond or a connecting group- X. 
represents a connecting group having a valence of (m -M) ; R, represents a hydrogen atom, an optionally substi- 
tuted organic group, or a halogen atom; 1 represents an integer of from 0 to 3; m represents an integer of 2 or 
more; and Z represents the group represented by the general formula (Z): 
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(2) 
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wherein.- R^^ and Ry^ each independently repr-esents a hydrogen atom, a halogen atom, a cyano group, or an 
optionally substituted alky! group: L2 represents a single bond or a connecting group; X2 represents a connecting 
group having a valence of (n + ". ) : n represents an integer of 2 or more; and 2 represents- the group represented 
by the general forrrula (Z): 



25 



30 




35 



(3) 



wherein, Q^, Rb and 1 have the same meaning as shown in the general formula (1), p represents an integer 
of 2 or more; and Z represents :ne group represented by the general formula (Z). 
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The photosensitive resin composrt on according to claim 1 , wherein the repeating unit (Al) is represented by the 
following general fcnnula (2a): 



45 
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(2a) 



25 



Z^T'll'Z ', T I T^" ' ^ ^ '^y^"" °' ^" °P''°"^"y -"bstituted alkyi group: 

R50 ,0 R55 eac, -ndependcntly represents a hydrogen atom, a fluorine atom, or an optionally substituted alkj 
group, provided that at least one of R50 to R55 represents a fluorine atom or an alkyI group in which at least on J 
hydrogen atom ,s substituted with a fluorine atom; R independently represents a hydrogen atom or an organte 
group. prov,ded that all of R do not represent a hydrogen atom simultaneously: and k represents an int^er of'from 



30 4. The photosensitive resin composition according to claim 3. wherein In the general formula (2a), at least ore of the 
groups represented by R is an acid-decomposable group. e-si one oi ine 

35 
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(2a-) 



ZsoT^ss'lZ^^T ^ yy^"" ^ ^ '^y^"" °' ^" °P«°"3"y substituted alkyI group; 

R50 to R55 each independently represents a hydrogen atom, a fluorine atom, or an optionally substituted ail^i 
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group, provided that at least one of R^o to R^s represents a fluorine atonn or an alky! group in which at least one 
hydrogen atom is substituted with a fluorine atom: ard k represents an integer of from 2 to 5. 

. The photosensitive resin composition according to c:aim 1 . comprising: 

(X) a non-polymer type dissolution Inhibitor; 

wherein the compound (B) is (B1 ) a compound capable of generating an aliphatic or aromatic sulfonic acid by 
the action with one of an actinic ray and a radiation, in which the aliphatic or aromatic sulfonic acid is substituted 
with at least one fluorine atom. 

. The photosensitive resin composition according to claim 1 , wherein the resin (A) is a resin that is decomposed by 
the action of an acid to increase its solubility in an alkaline developing liquid, and the resin contains the repeating 
unit (A1 ) and a repeating unit having a group that is decomposed by the action of an acid to become alkali-soluble; 
and 

wherein the compound (B) is (B1 ) a compound capable of generating an aliphatic or aromatic sulfonic acid by the 
action with one of an actinic ray and a radiation, in wnich the aliphatic or aromatic sulfonic acid is substituted with 
at least one fluorine atom. 

. The photosensitive resin composition according to claim 4, wherein the compound (B) is (81 ) a compound capable 
of generating an aliphatic or aromatic sulfonic acid by the action with one of an actinic ray and a radiation, in which 
the aliphatic or aromatic sulfonic acid is substitutec with at least one fluorine atom. 

. The photosensitive resin composition according to claim 1 , further comprising (C) a solvent. 

0. The photosensitive resin composition according to claim 6, wherein the resin (A) is a resin containing a repeating 
unit represented by the following general fomnula (2a) and at least one of repeating units represented by the 
following general formulae (I) and (Vl): 




wherein R5 represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyi group; 
R^o to r55 eaci^, independently represents a hyd'cgen atom, a fluorine atom, or an optionally substituted alkyI 
group, provided that at least one of R^o to Rss represents a fluorine atom or an alkyI group in which at least one 
hydrogen atom is substituted with a fluorine atom: R independently represents a hydrogen atom or an organic 
group, provided that all of R do not represent a hydrogen atom simultaneously; and k represents an integer of from 
2 to 5. 

R^ represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyI group; R2 and 
R37 each independently represents a hydrogen atom, a halogen atom, a cyano group, a hydroxyl group, an op- 
tionally substituted alkyI group, an optionally substituted cycloalkyt group, an optionally substituted alkoxy group, 
an optionally substituted acyl group, an optionally substituted acyloxy group, an optionally substituted alkenyl 
group, an optionally substituted aryl group, or an optonally substituted aralkyi group; and R4 represents a group 
of the following general formula (IV) or (V): 
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— C-R12 — <p-0-Ri6 

Rl3 R,5 

(IV) (y) 

wherein R„. R,2, and R^j each independently represents an optionally substituted alkyi group, an optionally sub- 
stituted cycloalkyi group, an optionally substituted alkenyl group, an optionally substituted aralkyi group or an 
optionally substituted aryl group. k. a-i 

In the formula (V), R^^ and R^ each independently represents a hydrogen atom or an optionally substituted alkyI 
group; H,^ represents an optionally substituted alkyI group, an optionally substituted cycloalkyi group an optionally 
substituted aralkyi group, or an optionally substituted aryl group; and two of R^^ to H,^ may be combined together 
to form a ring, i-» 10 / s* =^ 

wherein, R,^ and H^y^ each independently represents a hydrogen atom, a halogen atom, or an optionally substi- 
tuted alkyI group; R,8 represents -C(R,8a) (Rise) (Rief> or-C(R,8,,) (R,8e.) (OH,^). H,^ to R.s.each independently 
represents an optionally substituted alkyI group, an optionally substituted cycloalkyi group, an optionally substituted 
alkenyl group, an optionally substituted aralkyi group, or an optionally substituted aryl group; R.ad. and R.o ■ each 
represents a hydrogen atom, an ootionally substituted alky! group, an optionally substituted cycloalkyi group an 
optionally substituted alkenyl group, an optionally substituted aralkyi group, or an optionally substituted aryl group- 
Ri8g represents an optionally subsrituted alkyI group, an optionally substituted cycloalkyi group, an optionally sub- 
stituted aralkyi group, or an optionally substituted aryl group; and two of R,^, H,^ and R.p, or two of R,.^ R,„ . 
and Ri8g- may be combined together to form a ring. ' 

11. The photosensitive resin composition according to claim 10, wherein in the general formula (2a) at least of the 
groups represented by R is represented by -C(CH3)3. -C(=0)-0-C(CH3)3, -CH2-C(=0)-0-C(CH3)3.' -CH2-OR,s, or 
-CH(CH3)-ORi6. wherein R^g represents an optionally substituted alkyI group, an optionally substituted cycloalkyi 
group, an optionally substituted aralkyi group, or an optionally substituted aiyl group. 

The photosensitive resin composition according to claim 6, wherein the resin (A) is a resin containing at least one 
repeating unit represented by the following general fomiula (2a'), at least one repeating unit represented by the 
following general formula (I) and a: least one repeating unit represented by the following general formula (VI)- 



40 



45 



SO 





f>|ja Pit 



J 

COOR,, 



<2a) 



<») (VI) 



Wherein R5 represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyl group- 
R50 to R55 each independently represents a hydrogen atom, a fluorine atom, or an optionally substituted aiky'l 
group, provided that at least one of RSO to R55 represents a fluorine atom or an alkyl group in which at least one 
hydrogen atom is substituted with a fluorine atom; and k represents an integer of from 2 to 5, 
55 Wherein R, represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyl group- 

R2 and R37 each independently represents a hydrogen atom, a halogen atom, a cyano group, a hydroxyl group 
an optionally substituted alkyl group, an optionally substituted cycloalkyi group, an optionally substituted alkoxy 
group, an optionally substituted acyl group, an optionally substituted acyloxy group, an optionally substituted alke- 
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nyl group, an optionally substituted aryl group, or an optionally substituted aralkyi group; and R4 represents a group 
of the following genera! fornnula (IV) or (V): 



(lY) (V) 



wherein R-i^, R^2^ ^13 ^SLCh independently represents an cptionally substituted alky! group, an optionally sub- 
stituted cycloalkyi group, an optionally substituted alkenyl group, an optionally substituted aralkyi group, or an 
optionally substituted aryl group, 

wherein and R^g each Independently represents a hydrogen atom or an optionally substituted alkyi group; R,g 
represents an optionally substituted alkyI group, an optionally substituted cycloalkyi group, en optionally substiluted 
aralkyi gpoup, or an optionally substituted aryl group: and two of R14 to R^q may oe combined together to form a ring, 
wherein R-,7 and R-iy^ each independently represents a hydrogen atom, a halogen atom, a cyano group, or an 
optionally substituted alkyI group; R^g represents -C(R^8d) (R-Se) (Ri8f) or -C(R^8d') (^iSe) (O^iSg); ^iSd to R^sf 
each independently represents an optionally substituted alkyI group, an optionally substituted cycloalkyi group, an 
optionally substituted alkcnyl group, an optionally substituted aralkyi group, or an optionally substituted aryl group; 
R^Qd '^i8e' esch represents a hydrogen atom an optionally substituted a.kyi group, an optionally substituted 
cycloalkyi group, an optionally substituted alkenyl group, an optionally substituted aralkyi group, or an optionally 
substituted aryl group; R^gg represents an optionally substituted alkyI group, an optionally substituted cycloalkyi 
group, an optionally substituted aralkyi group, or an optionally substituted aryl group; and two of R^g^, R^gg and 
R^Qj, or two of RiBd": Rise' '^isg: "^^y combined together to form a ring. 

13- The photosensitive resin composition according to claim 6. wherein the resin (A) further has at least one repeating 
unit represented by the following general formula (111) and (VII): 




wherein Rg represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyI group; 
Rg and R^q each independently represents a hydrogen atom, a halogen atom, a cyano group, an optionally sub- 
stituted alkyI group, an optionally substituted cycloalkyi group, an optionally substituted alkoxy group, an optionally 
substituted acyl group, an optionally substituted acyloxy group, an optionally substituted alkenyl group, an option- 
ally substituted aryl group, or an optionally substituted aralkyi group; and d represents 0 or 1 , 
wherein R^g and R20 each independently represents a hydrogen atom, a halogen atom, a cyano group, or an 
optionally substituted alkyI group; f^2^ represents a hydrogen atom, a halogen atom, a cyano group, an optionally 
substituted alkyI group, or a -D-CN group; and D represents a single bond or a divalent connecting group. 

1 4. The photosensitive resin composition according to claim 6, wherein the resin (A) further has at least one of repeating 
units represented by the following general formulae (VIII) to (XVII): 
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(XIJ) 



(XIII) 



J — o fV, 



CW.^ 

O Aaa 



(XV) 
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^CHa 



(XV9 




pcviij 



wherein R25. Rge- and each independently represents a hydrogen atom, a fluorine atom, an optionally substi- 
tuted alkyi group, an optionally substHuted cycloalkyi group, or an optionally substituted aryl group- R,„ R,^ and 
R30 each independently represents an optionally substituted alkyI group, an optionally substituted cycloalkyi group 
or an optionally substituted aryl group; R^^ and B^.. R„ and H^. and R^^ and R30 may be respectively taken 
together to fonn a nng; Rg,, R35 R^, and R44 each independently represents a hydrogen atom, an optionally 
subs ituted alkyI group, an optionally substituted cycloalkyi group, an optionally substituted acyl group or an op 
tonally substituted alkoxycarbonyl group; R32, R33, R3,. R,„ R^^. and R« each independently represents a hy- 
drogen atom, a halogen atom, an optionally substituted alkyI group, or an optionally substituted alkoxy group- R, 
represents a hydrogen atom, a halogen atom, a cyano group, or an optionally substituted alkyI group- R^ repre 
sents an opttonally substituted alkyI group, an optionally substituted cycloalkyi group, an optionally substituted 
aralkyi group, or an optionalV substituted aiyl group; and each represents a single bond or a divalent con- 
necting group; B3 represents a divalent connecting group; and n' represents 0 or 1 . 
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15. The photosensitive resin composition according to claim 1 . wherein a metal content in the resin is 100 ppb or less 
with respect to each metal. 

16. The photosensitive resin composition according to claim 6. wherein the component (B1) is a compound capable 
5 of generating an aliphatic or aromatic sulfonic acid having from 3 to 12 carton atoms upon irradiation with one of 

an actinic ray and a radiation, In which the aliphatic or aromatic sulfonic acid is substituted v/ith at least one fluorine 
atom. 

17. The photosensitive resin compoiition according to claim 6, further comprising (B2) a compound capable of gen- 
10 erating a fluorine atom-free aliphatic or aromatic sulfonic acid, cr an aliphatic or aromatic carboxylic acid upon 

in^adiation with one of an actinic ray and a radiation. 

18. The photosensitive resin composition according to claim 6, further comprising (Y) an amphoteric ion compound. 

15 19. The photosensitive resin composition according to claim 1 , wherein the resin has an acid value of from 0.2 • 1 0*3 
to 4.4 lO-^mol/g. 

20. The photosensitive resin composition according to claim 1 , wherein the res n has a weight average molecular 
weight of from 3,000 to 50,000. 

20 

21. The photosensitive resin composition according to claim 1 , wherein the resin has a degree of distribution of 1 .7 or 

less. 

22. The photosensitive resin composition according to claim 1, wherein the resin contains residual non-reacted mon- 
25 omers in amount of 5 % by weight or less. 

23. The photosensitive resin composition according to claim 1 , wherein the resin nas a resin of a molecular weight of 
1, 000 or less In an amount of 10 or less. 

30 24. The photosensitive resin composition according to claim 6, further comprising (D) a surfactant. 
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